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Compilation and Preliminary Interpretations
of Hydrologic and Water-Quality Data from the
Railroad Industrial Area, Fairbanks, Alaska, 1993-94

By Michael R. Lilly!, Kathleen A. McCarthy?, Anne T. Kriegler!, James Vohden?3, and
Gwendolyn E. Burno*

Abstract

Commercial and industrial activities in the Railroad Industrial Area in Fairbanks, Alaska,
have resulted in accidental releases of chemicals to the subsurface. Such releases have generated
concern regarding local ground-water quality and the potential impact on nearby water-supply
wells. Consequently, a study is being conducted to characterize the environmental and hydrologic
conditions in the area.

Existing reports from numerous previous investigations in the area were reviewed and rele-
vant information from these documents was compiled. Both ground- and surface-water elevations
were measured approximately monthly at as many as 50 sites during mass measurements. Selected
sites were measured more frequently to assess short-term changes in the ground- and surface-water
systems. Supplemental data were also collected outside of the study area to aid in interpretation.
Ground water was sampled and analyzed to define the extent of the area affected by petroleum
hydrocarbons and chlorinated solvents.

Data show that water levels in nearby rivers and sloughs have a considerable influence on
ground-water flow in the study area. Seasonal and shorter term changes in river stage frequently
alter and even reverse the direction of ground-water flow. The local ground-water system typically
has an upward flow component, but this component is reversed in the upper part of the aquifer dur-
ing periods of high water levels in the Chena River. These periodic changes in the magnitude and
direction of ground-water flow have a considerable influence on the transport of dissolved hydro-
carbons in the subsurface.

Both petroleum hydrocarbons and chlorinated solvents were found in ground water at the
study area. Typical degradation products of these compounds were also found, indicating that bio-
degradation by indigenous microorganisms is occurring.

1U.S. Geological Survey, Fairbanks, Alaska

us. Geological Survey, Tacoma, Washington

3 Alaska Division of Mining and Water Management, Fairbanks, Alaska
4 Alaska Railroad Corporation, Anchorage, Alaska
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INTRODUCTION

The study area is located in the Railroad Industrial Area in Fairbanks, Alaska (fig. 1). Devel-
opment in the vicinity began in the early 1900's, and the area, which still serves as the main railhead
for Fairbanks, has been the location of commercial and industrial activities since that time. Previ-
ous studies have indicated the presence of petroleum hydrocarbons and chlorinated solvents in
ground water in the area, but the extent of the area affected by these compounds and the hydrologic
factors affecting their migration have not been investigated. Because the Chena River and the main
water-supply wells for Fairbanks are located nearby, migration of these compounds is of particular
interest. In response to these issues, the Alaska Department of Environmental Conservation
(ADEC) has defined a 280-acre environmental assessment area, which encompasses the area of
greatest concern (plate 1). The study started in the spring of 1993 and continues through the present
(winter 1995-96). In the fall of 1993, the study was concentrated on defining the extent of petro-
leum hydrocarbons. Subsequent sampling has focused on collecting data for interpreting ground-
water flow and on monitoring the extent of petroleum hydrocarbons. The primary focus of this
report is the collection and preliminary interpretation of the 1993 data to provide information for
subsequent analyses on ground-water flow and solute transport within this area.

Purpose and Scope

The overall purpose of this ongoing investigation is to assess environmental conditions and
characterize the geohydrology of the study area. The purpose of this preliminary report is to present
(1) information on historical site activities that has been compiled as part of this study, (2) hydro-
logic and water-quality data that were collected from the beginning of this project in 1993 through
early 1994, and (3) preliminary interpretations of these data.

To meet the study objectives, (1) existing environmental reports covering the area of interest
were reviewed for water-quality and hydrologic data, (2) all existing monitoring wells in the study
area were located, (3) water levels were measured in wells and nearby streams, and (4) ground
water and surface water were analyzed for a variety of organic and inorganic constituents. To pro-
vide more complete coverage of ground-water data-collection sites, 33 temporary wells—installed
using drive points—and 12 permanent wells were installed.

Measurements of water levels at ground- and surface-water sites were made in coordination
with other U.S. Geological Survey (USGS) projects in the Fairbanks area (fig. 1). Most sites were
measured approximately monthly and selected sites were measured more frequently to assess
short-term changes in the ground- and surface-water systems. Surface-water discharge data were
available from long-term stream-gaging stations maintained by the USGS on the Tanana and
Chena Rivers. Discharge measurements were also made on Noyes Slough and at additional sites
on the Chena River to help characterize ground- and surface-water interactions.

Ground water was sampled and analyzed to define the extent of the area affected by petro-
leum hydrocarbons and chlorinated solvents. Ground-water samples were also analyzed for the
typical degradation products of target compounds to assess whether natural biodegradation is
occurring. In addition, wells, rivers, and sloughs were sampled and analyzed for inorganic constit-
uents to aid understanding of the flow system.
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Figure 1. Location of Fairbanks, Alaska, and the Railroad Industrial Area study area.

The USGS has coordinated this project with other ongoing USGS projects in the Fairbanks
vicinity so that hydrologic information collected throughout the area can be used to benefit all
projects. The data from all projects contribute to a "numerical subregional ground-water model"
that simulates ground-water conditions in the part of the Fairbanks region from the mouth of the
Chena River to the Fort Wainwright study area. The other projects that have contributed to the data
collection and subregional modeling include the University of Alaska Fairbanks (UAF), the Fair-
banks International Airport (FIA), and Fort Wainwright, Alaska (FTWW). Each of these projects
was initiated to characterize the geohydrology for a specific area within the Fairbanks alluvial
plain. The first of these projects (FIA) was started in the winter of 1991 and continues to the
present. In addition, the areal extent of a numerical subregional ground-water flow model being
developed for other USGS projects throughout the Fairbanks vicinity was expanded to include this
project study area. Early modeling results were used to identify the boundary conditions and other
hydrogeologic factors that affect ground-water flow in the study area and to guide the collection of
water-quality samples.
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Previous Investigations

Many studies have been conducted in the vicinity of the study area. To assess the extent of
existing information, 79 existing reports were collected from property owners and lessees in the
study area and from files of the ADEC. These reports were reviewed and information pertinent to
the current study was compiled. Environmental chemistry data were entered into a data base by
DOMWM personnel (Maurer and others, 1994). The data base contains general information about
each report and general characteristics of the site investigated, such as observed odors or sheens on
water surfaces, quality-control data, and the number of wells, borings, and soil samples that were
used in the site investigation. The data base also contains data on ground water, subsurface soil,
surface soil, and contaminated soil that has been excavated and removed from the site. The infor-
mation in this data base represents data collected over a period of many years and does not indicate
current conditions within the study area. An inventory of previously published reports and a map
showing the area addressed in each report are included in Appendix A.

GEOHYDROLOGIC SETTING

The study area is located in Fairbanks, Alaska, between the Chena River and Noyes Slough,
with a portion extending south of the Chena River in the vicinity of the City of Fairbanks, Munic-
ipal Utilities System (MUS) complex (plate 1). Artificial control structures have moved the mouth
of the river to its current location, southwest of the Fairbanks International Airport. Before this
change, the Chena River terminated in the alluvial plain above the Moose Creek Dam. The reach
of the Chena River through Fairbanks is an old slough of the Tanana River that was abandoned as
the Tanana River migrated southward to its current position.

Geology

The hills to the north of the study area are part of the metamorphic system that forms the
Yukon-Tanana Upland (Péwé and others, 1976). Fairbanks is located in the northern part of the
Tanana basin (Anderson, 1970). The boundary between the uplands and the Tanana River’s alluvial
valley trends northwest to the east of Fairbanks and southwest to the west of Fairbanks. The basin
uplands consist of fractured schist. North-facing slopes are underlain by areas of discontinuous
permafrost. Eolian silts of the Fairbanks Loess and reworked silt deposits cover the flanks of the
bedrock uplands in the proximity of the Tanana River. These deposits vary in thickness and grade
into alluvial-fan deposits and the Chena Alluvium (Péwé and others, 1976). The geometry of the
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uplands and their relation to the study area are important in understanding the boundary conditions
that govern ground-water flow within the study area. For example, outflow from the Farmers Loop
basin (fig. 1), which lies directly north of the study area, has a considerable influence on the local
hydrologic system. Except for Isabella Creek, which drains the eastern part of the basin, outflow
from the Farmers Loop basin does not drain into well-defined surface-water channels. As a result,
outflow from the basin is diffuse, but is nonetheless constrained to the valley between Birch Hill
and the bedrock ridge at the University of Alaska Fairbanks. Because this valley directs flow
toward the study area, an understanding of flow from the Farmers Loop basin is critical for accurate
interpretation of the northern boundary of the study area.

The surface soils characteristic of the study area are derived from alluvial-plain deposits and
generally cover the upper 5 to 15 ft of the alluvial plain. These soils are underlain by the Chena
Alluvium (Péwé and others, 1976), which consists of braided Tanana River deposits of Quaternary
age. Within the study area, the Chena Alluvium extends to depths of more than 400 ft, and the gen-
eral stratigraphy consists of alternating layers and lenses of unconsolidated sandy gravels and grav-
elly sands, overlain by up to 15 ft of gray silt (Péwé and others, 1976). Well logs in the USGS
Ground-Water Site Inventory (GWSI) data base indicate that in the vicinity of the study area there
are no areally extensive confining units present within the Chena Alluvium.

Hydrology

This study focuses primarily on the subsurface flow system within the ADEC environmental-
assessment area (plate 1). However, ground-water flow in this area is strongly influenced by local
surface-water levels and is ultimately controlled by basin-wide ground- and surface-water pro-
cesses. Knowledge of both ground- and surface-water hydrology throughout the greater Fairbanks
area and the interaction between these two systems is therefore essential for a comprehensive
understanding of ground-water flow and solute transport within the environmental-assessment
area.

The Chena River is the dominant influence on ground-water flow in the study area. The
annual discharge hydrograph for the Chena River is characterized by two peaks (fig. 2). The first
is a result of spring snowmelt runoff, and the second peak is due to late-summer precipitation. The
snowmelt peak is typically higher than the precipitation peak because the accumulated volume of
winter snowfall is generally greater than that of summer rainfall, evapotranspiration rates are low
in the spring, and soil, which is usually frozen in the spring but not in late summer, restricts infil-
tration of snowmelt. Noyes Slough is the controlling influence on ground-water flow in the north-
ern part of the study area. The stage of Noyes Slough typically rises and falls in response to stage
changes of the Chena River.

Although the Chena River and Noyes Slough dominate ground-water flow in the study area,
the Tanana River, which is a braided river system, is the main influence on ground-water in the
Fairbanks area (Nelson, 1978). In contrast to the Chena River, flow in the Tanana River is domi-
nated by glacial runoff from the Alaska Range and typically increases in the middle of the summer
when temperatures are high and cloud cover is thin (fig. 2). Both long-term average hydrologic
conditions as well as short-term deviations from the average influence ground-water flow and sol-
ute transport. Information on such conditions is therefore critical for understanding the ground-
water flow system in the study area.
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Figure 2. Mean monthly discharges of the Chena River for the period 1948-93 and the Tanana
River for the period 1973-93.
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LAND-USE DEVELOPMENT

The ADEC-defined environmental-assessment area consists of approximately 280 acres
(plate 1). The boundaries of this area are Illinois Street to the east, the ARRC rail yards to the west,
and the ARRC Eielson Branch line to the north. The southern boundary generally follows the
Chena River, but a section of the study area extends south of the Chena River in the vicinity of the
City of Fairbanks, MUS complex. The boundaries were established by ADEC to focus on potential
environmental problems in the study area. The boundaries have no relation to hydrologic condi-
tions in the study area.

Historical Land Use

From 1916 through 1923, the Alaska Railroad lines were extended from Seward to Fairbanks
(Lazenby, 1990). At that time, the railroad right-of-way entered Fairbanks along the western edge
of Illinois Street and rail sidings and spur lines were added to accommodate the railroad's custom-
ers. Businesses that depended on rail transportation for shipping tended to locate in this area, pro-
moting industrial development.

Industrial activities in the Fairbanks Railroad Industrial Area have been considerable during
the past 50 years. ARRC has the largest landholdings in the study area. Other past and present land-
owners include Sourdough Express, Golden Valley Electric Association (GVEA), U.S. Smelting,
Refining and Mining Company, Alaska Chevron, and Kelly's Firestone.

Aerial photographs taken in 1948 and 1985 (fig. 3) show changes in the level of development
in the study area over this time period. Initial development occurred along Illinois Street and con-
tinued in a westward direction along Well Street. The first fuel facility, Standard Oil Company,
moved into the area in 1943 and remained on the property until 1966. Other petroleum facilities
were constructed in the area beginning in 1953. The fuel businesses that have operated in the area
are Chevron USA; Unocal; The Texas Company; Petroleum Sales; Standard Oil Company; North-
ern Gas and Oil Company, Inc.; Willner's Fuel Distributors, Inc.; Alaska Propane; and Suburban
Propane and Petrolane. One bulk-fuel facility—Petroleum Sales (Chevron USA, Inc.)—remains in
operation today; Willner's Fuel Distributors, Inc. ceased doing business in 1993.

Information obtained from ADEC on documented chemical releases that have occurred in the
study area, along with associated soil and ground-water data, are provided in Appendix B.

Current Land Use

Current land use includes petroleum storage and industrial activities such as heavy equipment
rental. A previous investigation (Fairbanks Metropolitan Area Transportation Study Technical
Committee, 1985) identified a number of hazardous materials that are typically stored in the study
area. These materials include motor oil, kerosene, liquid plastic urethane, no. 1 diesel, no. 2 diesel,
hydrochloric acid, liquefied propane gas, and other petroleum hydrocarbons.

Bulk Petroleum Facilities

Existing bulk-petroleum distribution facilities are located primarily in the eastern part of the
study area. The types of fuel stored in the area include aviation and automotive gasolines, heating
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fuel, and diesel fuel. The Fairbanks Metropolitan Area Transportation Study Technical Committee
(1985) stated that during 1985 an average of 600,000 to 700,000 gallons of fuel were stored in the
study area at any one time. In 1985, the actual capacity of storage facilities was approximately 1.4
million gallons. Site facilities have since changed, however, and in 1994, the average storage
capacity was approximately 360,000 gallons.

Fuel is transported to the storage and distribution centers in the study area by ARRC rail cars
and trucks. Surface-soil stains are visible along the rail sidings and can be identified in aerial photos
taken as early as 1948. The off-loading procedures, which are generally handled by the fuel dis-
tributor, typically consist of connecting a hose to the tank car and pumping the fuel into storage
tanks.

Small Storage Tanks and Hazardous Materials

In addition to the bulk-fuel facilities, local businesses in the area use smaller storage tanks
for their individual fuel needs. Evidence of leakage has been discovered during the removal of
some of these tanks. Most individual tanks, which range in size from approximately 250 to 1,000
gallons, are used to store heating fuel, the primary source of heat in the region. Some transportation
businesses also maintain on-site fueling facilities for their trucks—typically gasoline or diesel. The
average tank size at these facilities is approximately 1,000 gallons.

Shop-Waste Disposal Practices

The most common types of drain historically used in Fairbanks for the disposal of liquid shop
waste or cleaning solvents are dry wells. A dry well is typically a gravel-filled culvert or box which
is open at the bottom for drainage and connected to floor drains and sinks. Many of the facilities in
the study area that were established before the installation of the current sewer system are still
using dry wells to dispose of shop waste. Although a survey of specific shop-waste disposal prac-
tices was not conducted as part of this study, the use of dry wells and their potential impact on soil
and ground water must be considered when interpreting distributions of dissolved solvent com-
pounds in the ground-water system.

SOLUTE-TRANSPORT PROCESSES IN GROUND WATER

The following section provides a general discussion of selected processes that affect move-
ment and changes in concentrations of solutes in ground water. These processes should be consid-
ered when interpreting chemical data collected from any area of suspected ground-water
contamination.

The most basic ground-water solute-transport process is advection—the macro-scale trans-
port of dissolved constituents by the motion of the flowing ground water (at the average linear
ground-water velocity) in which they are dissolved. The hydrologic data presented and discussed
in following sections show that ground- and surface-water elevations change frequently within the
study area. These changes indicate that both the magnitude and direction of ground-water flow in
the study area change frequently, resulting in complex, transient patterns of advective transport.

SOLUTE-TRANSPORT PROCESSES IN GROUND WATER 9



Solutes may spread out from the original affected ground-water mass by hydrodynamic dis-
persion processes which are caused by mechanical mixing and molecular diffusion. Dispersion
from mechanical mixing is caused by differences in flow rates and divergence in the flow field on
both microscopic and macroscopic scales. Microscopic dispersion is related to ground-water
velocity variations within intergranular voids in the aquifer material. Macroscopic dispersion is
related to "field-scale" heterogeneities in the aquifer which result in variations of hydraulic con-
ductivity and porosity of the aquifer material. Longitudinal dispersion is the term for spreading of
solutes in the principal direction of ground-water flow. Transverse dispersion is the term for
spreading perpendicular to the direction of ground-water flow—both horizontally and vertically.

All molecules are in continuous random motion due to thermal agijtation, which results in the
process known as molecular diffusion. In ground water, the net effect of molecular diffusion is the
movement of solutes from areas of higher concentration to areas of lower concentration. Diffusion
occurs in all directions and results in three-dimensional spreading of solutes. Although solute
transport due to molecular diffusion is typically negligible relative to advective and dispersive
transport, molecular diffusion can be a significant—and sometimes dominant—component of ver-
tical transport in areas where ground-water flow velocities are low. Dispersive spreading results in
progressive dilution of the solute as it moves through the subsurface. Although this dilution process
increases the volume of aquifer affected, the total mass of solute remains the same in the absence
of chemical and biological transformations.

The reduction of solute transport in ground water is affected by another group of processes.
Most organic compounds have a relatively low affinity for water and tend to adsorb onto the min-
eral surfaces of aquifer material or partition into naturally occurring organic matter. These and
other similar processes, known collectively as sorption processes, tend to immobilize solutes in
ground water and retard their movement. Individual compounds have unique sorptive characteris-
tics, which result in different rates of migration for different compounds. This phenomenon is par-
ticularly relevant to the migration of petroleum-hydrocarbons, which are typically mixtures of
many individual compounds. As these compounds move through the subsurface, their relative con-
centrations continually change as individual compounds are retarded at different rates.

Biodegradation can also be an important factor affecting solutes in ground water. When con-
ditions are favorable, bacteria and other microorganisms can degrade a variety of organic com-
pounds. In many cases, these compounds are mineralized to carbon dioxide and water, which
results in lower concentrations of organic compounds in ground water and reduces the mass of
these compounds that is transported downgradient. When biodegradation of a compound takes
more than one step, or when complete mineralization of a compound does not occur, intermediate
degradation products are formed. As with sorption, individual compounds tend to be degraded at
different rates, which can result in complex changes in the relative concentrations of different com-
pounds over time. In addition to reducing the concentrations of the compounds being degraded, the
metabolic activity of microorganisms utilizes constituents such as nutrients (e.g., nitrogen and
phosphorus) for growth, and electron acceptors (e.g., 0Xygen, nitrate, manganese, sulfate, or ferric
iron) for the oxidation-reduction reactions involved in metabolism. Zones of high metabolic activ-
ity may therefore be characterized by decreased concentrations of nutrients and electron acceptors,
and increased concentrations of reduced forms of nitrogen, manganese, sulphur, and iron. Meta-
bolic activity also typically causes a reduction in water pH, which increases the solubility of metals
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such as manganese and iron. Although biodegradation occurs to some degree under nearly all con-
ditions in the environment, biodegradation rates are highly variable and depend on a large number
of factors including temperature, pH, the availability of nutrients, oxygen and other electron accep-
tors, and the concentrations of the compounds being metabolized. Laboratory studies of soil sam-
ples from a particular site can be used to determine conditions that will optimize in situ
biodegradation.

Contaminants are transported and the dimensions of plumes increased by the combined
effects of advection, dispersion, and molecular diffusion. However, the effects of sorption and bio-
degradation can be substantial, and in many cases, the spread of contaminants can be either par-
tially or fully arrested by these processes. The results of an experiment in which organic
compounds and chloride were injected into a shallow sand aquifer and then monitored over time
are shown in figure 4 (Barker and others, 1987; Chapelle, 1993). The transport of chloride is usu-
ally considered to be conservative because it is not subject to sorption or biodegradation. The com-
bined effects of advection, dispersion, and molecular diffusion on chloride distribution after 3, 53,
and 108 days of transport are shown in figure 4a. The more limited distribution extents of benzene
and toluene show the effects of these same processes integrated with sorption and biodegradation
(fig. 4a). The total mass of each contaminant remaining in the aquifer was also monitored during
this experiment and these data clearly show the decrease in mass of organic compounds resulting
from biodegradation (fig. 4b). This figure is intended to illustrate the processes that may be taking
place at the ARRC study site, but the effects of these processes are expected to be different. At the
ARRC study site, contaminant plumes do not appear to have spread widely, despite the consider-
able age of some of the spills and the complex nature of ground-water flow in this system. Although
this lack of dispersal indicates that natural attenuation by sorption and biodegradation is likely
occurring, a full understanding of the current extent of contamination and selection of the most
appropriate approach to mitigation at this site requires a thorough investigation of all of the pro-
cesses affecting contaminant fate and transport.

FIELD INVESTIGATIONS

The locations of all monitoring wells were surveyed during the data-collection phase of the
study to accurately determine their locations and elevations. Ground- and surface-water elevations
were measured and these data were used to help characterize the subsurface flow system. Ground
water was sampled and analyzed for water-quality constituents and the results of these analyses
were used to determine the nature and distribution of solutes.

Surveying and ldentifying Data-Collection Sites

All permanent monitoring wells and temporary data-collection sites used over the course of
the study were accurately located by horizontal and vertical surveys in May 1993. Elevations at
each site are based on the National Geodetic Vertical Datum of 1929 and referenced to a prelimi-
nary adjustment from 1966. Elevations within the ADEC-defined environmental-assessment area
are referenced to the U.S. Coast and Geodetic Survey (USCGS, 1966) reference benchmark
BMXX12, which has an elevation of 441.272 ft. Horizontal coordinates are referenced to control
provided by ADOT&PF. Horizontal locations were determined by traverse surveys, satellite glo-
bal-positioning surveys and from published topographic maps of the study area. Elevations were
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determined by trigonometric or differential leveling. Selected wells were periodically resurveyed
over the course of the study to check and adjust elevations for frost jacking. The survey net was
connected to a benchmark south of Airport Way and to additional USCGS benchmarks east and
north of the study area to establish a common base elevation. The same 1966 adjustment was used
for this project and several other USGS projects in the western Fairbanks area. The survey data for
the observation wells included in the original survey net are provided in Appendix C.

Once the locations of ground-water data-collection sites were accurately determined, a site-
identification system and data base were established. All ground-water observation wells and per-
manently installed drivepoints in the study area were given a prefix of AR, and soil borings were
given a prefix of ARB. Each site was then assigned a unique sequence number indicating the order
in which the sites were located or reviewed. The site identifiers used in this study, cross-referenced
to site identifiers used in earlier studies, are provided in a table in Appendix A. Reference to the
earliest report in which each site is identified is also provided in this table, and details of drilling
and well construction are typically available in those reports.

Hydrologic Investigations

Selected ground- and surface-water data collected during the current study are discussed in
the following sections. Water levels at river, slough, and observation well sites were collected at
monthly intervals. More frequent measurements were made to document short-term stage changes
at surface-water sites and a smaller set of observation wells. Some observation wells were mea-
sured less frequently due to poor accessibility and time limitations. Discharges measured on Noyes
Slough and all water-level data and hydrographs for ground- and surface-water sites are presented
by Kriegler and Lilly (1995).

Surface-Water Hydrology

Data from the Tanana and Chena Rivers and Noyes Slough were collected to provide infor-
mation on the relation between ground- and surface-water systems and to better understand the
boundary conditions that control ground-water flow within the study area. Annual differences in
discharge and stage in nearby streams are particularly critical for correct interpretation of the
ground-water flow system in the study area because changes in the stage of a river can have con-
siderable influence on the magnitude and direction of ground-water flow, and therefore solute
transport.

Comparison of monthly mean flows measured during the study period with long-term mean-
monthly flows shows that flows in the Chena and Tanana Rivers during the current study differed
from the long-term average in the magnitude, duration, and timing of high flows (fig. 5). For exam-
ple, the snowmelt discharges in the Chena River during the 1990 snowmelt period were less than
the long-term average, but discharges during the late-summer precipitation period were consider-
ably above average and lagged by a month. The flows in the winter of 1990 -1991 were slightly
above average. The snowmelt discharge in 1991 was well above average and the summer precipi-
tation peak was slightly above average. Snowmelt discharges in 1992 were again well above aver-
age and lagged by a month. No high flow caused by precipitation occurred in the late-summer
period and the winter base-flow conditions were near average. The 1993 snowmelt discharges were
near average but the late-summer discharges caused by precipitation were above average and
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mean for the Tanana River discharges for the period 1991 through 1994.
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lagged by a month. This lag resulted in record discharges of the Chena River during the winter of
1993 to 1994. These annual differences in discharge in the Chena River are particularly critical for
correct interpretation of the ground-water flow system in the study area because of its proximity to
the Chena River.

The annual range in stage of the Tanana River is approximately 7 ft (fig. 6). Stage increases
on the Tanana typically occur during spring snowmelt, but are due primarily to the effects of ice
jamming in the river rather than to increases in discharge. This indicates that changes in the stage
of the Tanana, which cause changes in the surrounding ground-water system, are not necessarily
related to the quantity of flow in the river. The annual range in stage of the Chena River is from 6
to 8 ft (fig. 6). Although the discharge of the Chena River is less than that of the Tanana River, dif-
ferences in channel geometry and flow conditions affect the stage of the Chena River differently
than they affect the stage of the Tanana River. These stage changes in the Chena River have direct
impact on the ground-water levels in the study area. As with river discharge, seasonal and longer
term fluctuations in stage must be considered when interpreting past ground-water data to deter-
mine directions and rates of ground-water flow.
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Figure 6. Stages of the Chena and Tanana Rivers for the period 1990-1993.

The stage hydrographs for the Tanana and Chena Rivers and Noyes Slough for the period
February 1993 through February 1994 are presented to improve understanding of ground-water
data collected during this same period (fig. 7). The difference in stage between the spring snowmelt
peak and the mid-summer low-flow period is about 5.5 ft for both rivers. During the snowmelt peak
on the Chena River, river stage rises above nearby ground-water levels and water flows from the
river into the ground-water system. Following the snowmelt peak, the river level generally declines
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and once it falls below the level of nearby ground water, the gradient reverses and ground water
flows into the river. When differences between river and ground-water elevations are small, even
minor changes in river stage can alter ground-water flow directions.
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Figure 7. Stages of the Tanana and Chena Rivers and Noyes Slough for the period February 1993
through February 1994.

In addition to data available from long-term stream-gaging stations on the Tanana and Chena
Rivers, surface-water data were collected from three additional sites on the Chena River and seven
sites on Noyes Slough. The spring snowmelt peak and the June precipitation peaks are shown in
figure 7. However, stage variations of shorter duration, such as multiple peaks during both the
snowmelt and the late-summer precipitation periods (fig. 7) are not revealed in the hydrograph of
Noyes Slough because of the reduced frequency of measurements at this site. Nevertheless, it is
important to be aware of such short-term variations in surface-water stages, because they can affect
the ground-water flow system in the study area. For example, the difference in stage between the
Chena River and Noyes Slough varies throughout the year, resulting in changes in the magnitude
and direction of the gradient between different reaches of these streams. This highly transient sur-
face-water flow system has a considerable influence on ground-water flow in the nearby study area.
Chena River and Noyes Slough are not hydrologic boundaries to the ground-water system within
the study area, but are hydrologic controls, or internal boundaries. The connection of Noyes Slough
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to the Chena River results in transient stages both north and south of the ground-water system
within the study area.

Ground-Water Hydrology

The primary technique used in this report to evaluate the ground-water system in the study
area is comparison of water-elevation hydrographs for surface- and ground-water sites. The spatial
pattern of water elevations in wells indicates the general magnitude and direction of ground-water
flow in the system, and changes in this pattern over time show that ground-water flows—and there-
fore subsurface solute transport—are dynamic. Ground water flows from high to low elevation;
although there are seasonal shifts in direction, water in the vicinity of wells AR103 and AR102
demonstrates typical flow directions and generally flows southwestward from well AR103 to
AR102 and towards the Chena River. Comparison of hydrographs for wells AR59, AR49, and
AR102, located in the northern, middle, and south-central parts of the study area, respectively, pro-
vides insight for ground-water flow with respect to surface-water influence (fig. 8). The relative
positions of the water levels in these wells changed several times during the study period. These
changes in relative water levels indicate that ground-water flow between Noyes Slough and the
Chena River frequently shifts direction. In addition, the rapid decline in the water level in well
AR102 shows the effects of the aquifer discharging into the Chena River, which occurs when water
levels in the river fall rapidly below ground-water levels in the adjacent aquifer. These effects are
particularly apparent at well AR102 because of its proximity to the Chena River. Data from these
three wells illustrate the complex and transient nature of ground-water flow in the study area.

Vertical head gradients, which indicate vertical components of ground-water flow, can be
evaluated by comparing water levels in wells with open intervals at different depths at a single
location. Wells AR102, 100, 111, and 101 have open intervals at 23, 53, 86, and 100 ft, respectively,
and are within 10 ft of one another. Water-level data from these wells (fig. 9) show the vertical head
gradient in the ground-water flow system in the study area, as well as the effects of stage changes
in the Chena River on this gradient. Water levels in wells AR102, AR100, and AR111 generally
rose with increasing well depth, indicating that the flow direction between depths of approximately
86 and 23 feet was upward during most of the hydrograph period. However, following rapid rises
in the stage of the Chena River, when river stage rose above adjacent ground-water levels, the ver-
tical gradient approached zero and briefly reversed, indicating that the river changes from a
ground-water discharge zone to a source of ground-water recharge. In contrast to the shallow part
of the aquifer, the water level in well AR101, at a depth of 100 feet, was occasionally lower than
the water level in well AR111, indicating downward flow in the zone between 86 and 100 ft depths.
This may be due to small-scale aberrations in the flow field caused by local changes in permeability
or the effects of pumping from water-supply wells on the south side of the Chena River.

Water-Table Mapping

Ten water-table elevation maps were constructed from water-level data collected from July
1993 to April 1994. Data were used from observation wells that were screened at the water table
to avoid any vertical-gradient bias. Monthly water levels were obtained from observation wells and
surface-water sites during mass measurements, and were usually made within a 24-hour period.
Ground-water flow is controlled by both the Chena River and Noyes Slough. These effects are
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shown in the water-table maps (figs. 10-14). During much of the year, both the Chena River and
Noyes Slough act as a drainage for the study area.

Water levels were contoured in three main steps. The first was to calculate gradients for the
Chena River and Noyes Slough based on water levels taken during mass measurements. Secondly,
on the basis of the calculated elevations in the Chena River and Noyes Slough, ground-water ele-
vations were added to the map and were contoured using computer contouring methods. The third
step involved interpreting the hydrology and changing contours on the basis of the rising or falling
stage of the Chena River and water levels in nearby continuous stage-observation well AR68.
Areas of higher uncertainty are shown by dashed lines.

In July and August 1993 (fig. 10), the water level in Noyes Slough was lower than that in
nearby wells, indicating that the slough was functioning as a drain for the ground-water system
during this time.

During the September 1993 ground-water measurements (fig.11), the stage of the Chena
River was just starting to rise (fig. 7). In September and October 1993 (fig. 11) the stage in Noyes
Slough remained lower than water levels in the closest ground-water wells, indicating that the
slough was still functioning as a drain. During the October ground-water measurements, the stage
of the Chena River had just declined from the late-summer precipitation high, but was still higher
than the water levels in nearby wells.

In November and December 1993, the stage in Noyes Slough remained lower than nearby
ground-water levels (fig. 12), but the differences were smaller than in previous months. Ice cover
on the Chena River during this period resulted in a slight rise in river stage, which influenced
ground-water levels near the river. Compared to previous months, the general direction of ground-
water flow shifted slightly from the northwest toward the west.

The water table declined slightly from January to February 1994 (fig. 13). In January, the
stage in Noyes Slough indicated that the slough was still functioning as a drain for the nearby
ground-water system, but the slough went dry before the February measurement and was no longer
affecting the ground-water system.

The elevation of the water table declined further from March to April 1994 (fig. 14). During
this time, the stage in Noyes Slough was higher than water levels in nearby wells, indicating that
the slough was recharging the aquifer and no longer functioning as a drain for the system. Com-
parison of figure 14 with figures 10 through 13 shows how this change altered the shape of the
water-table contours in the northern part of the study area.

Pumping and Flooding Effects

Pumping of ground water from several wells and gravel pits located in the study area proba-
bly affects the ground-water flow system. Sourdough Express, located in the central part of the
study area, pumps ground water for nonpotable shop operations (Whitey Gregory, Sourdough
Express, written commun., 1995). The Fairbanks Daily News-Miner also pumps ground water in
the study area to provide cooling water for printing operations. Cooling water is pumped primarily
in the summer at an estimated average rate of 60 gal/min (Dave Kosloski, Fairbanks Daily News-
Miner, written commun., 1995). The City of Fairbanks, MUS, operates a fire-suppression well
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Figure 10. Configuration of the water table in the study area in July and August 1993. (Values in
feet above sea level.)
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Figure 12. Configuration of the water table in the study area in November and December 1993.
(Values in feet above sea level.)
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Figure 13. Configuration of the water table in the study area in January and February 1994.
(Values in feet above sea level.)

24 Compilation and Preliminary Interpretations of Hydrologic and Water-Quality Data from the Railroad Industrial Area,
Fairbanks, Alaska, 1993-94



ENVIRONMENTAL ASSESSMENT AREA
(As defined by Alaska Department of
Environmental Conservation)

422.36 472,37
X x

X 420.62 OBSERVATION WELL WITH WATER LEVEL
== 420.8~— WATER-TABLE CONTOUR,
DASHED WHERE ESTIMATED

421.98

Scale in feet
500 1000

MARCH 1994 WATER TABLE

ENVIRONMENTAL ASSESSMENT AREA
(As defined by Alaska Department of
Environmental Conservation)
X 420.42 OBSERVATION WELL WITH WATER LEVEL
—= 420.8— WATER-TABLE CONTOUR,
DASHED WHERE ESTIMATED

x 421.26

x 421.35

hes
&
<

Scale in feet
500 1000

APRIL 1994 WATER TABLE

Figure 14. Configuration of the water table in the study area in March and April 1994. (Values in
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located to the northwest of the Alaska Railroad Depot and just south of Phillips Field Road (fire
well #4, plate 1). This well is part of the MUS central water-distribution system located at the MUS
power plant, but is currently not in use (Bartley Klevens, FMUS, written commun., 1995).

The pumped wells of primary interest in the study area are water-supply wells on the south
side of the Chena River, which are operated by the MUS facility (City Wells 1A, 2A, and 3A, plate
1). These wells are pumped at a rate of approximately 2,400 gal/min. The water is used first for
cooling in the MUS power plant and then is fed into the MUS water-distribution system. Because
the demand for power-plant cooling water is greater than that for the water-distribution system,
excess cooling water is returned to the Chena River. The depths of the MUS wells range from
approximately 80 to 120 ft. There is much interest in determining the nature of the hydrologic rela-
tion between the MUS wells and the study area. Delineating the source of water to the water-supply
wells is of particular importance because the recharge area probably extends to the north side of
the Chena River and therefore affects the ground-water system in the study area. Although delin-
eation of the recharge area is not yet completed, many of the data that will be used for this purpose
are included in this report. :

Pumping from gravel pits in the area probably exerts a more significant hydraulic effect than
pumping from water-supply wells. Water was pumped from a gravel pit to the west of the area
shown in plate 1 during the summers of 1989 and 1990. The pit was reported to have yielded up to
26,500 gal/min during June and July of 1990 (ADEC, written commun., 1995). Observations of
the pumping indicated the water levels in the pit were lowered by 40 to 60 ft. This drawdown prob-
ably had a significant effect on the magnitude and direction of ground-water flow and solute trans-
port in the study area during that time. Pumping from another gravel pit to the north of the study
area and south of Noyes Slough (plate 1) in the past also could have caused transient changes in
the flow system.

During floods, such as the one in 1967, the stage of the Chena River rises above bank level
and the water table temporarily rises above the land surface. Such large changes in the elevation of
the water table serve to flush the subsurface and can strongly influence transport of both residual-
and dissolved-phase hydrocarbons throughout the shallow subsurface.

Numerical Modeling

A three-dimensional numerical model of areawide ground-water flow is being developed to
improve understanding of both flow and solute transport in the Fairbanks area. This report does not
include descriptions of the numerical model; however, data collected by this project and presented
in this report are being used in its development. In addition, understanding gained in the develop-
ment of the model is contributing to the characterization of the geohydrologic system. Early
numerical simulations were used to improve overall understanding of the hydrologic system and
to guide the collection of data necessary for development of a more accurate, calibrated flow
model. The current modeled area extends from the bedrock-hill ridge lines to the north and west,
which are simulated as no-flow boundaries, to the southern boundary of the model, located south
of the Tanana River. This southern boundary is represented as a specified-head boundary to simu-
late the very large supply of water available from south of the Tanana River. On parts of the eastern
(upstream) and western (downstream) boundaries of the model, ground-water heads are equal to
those observed in the alluvium near the boundaries. The boundary conditions and other model
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characteristics are expected to change as more information and a better understanding of the
ground-water system are obtained.

The internal hydrologic boundaries incorporated in the simulations included the Tanana and
Chena River stages. These river levels dominate the direction of flow in the ground-water system
between the two rivers. North of the Chena River, the primary factors that influence ground-water
flow in the modeled area are the northern bedrock boundary and flow from the Farmers Loop basin.

Environmental Chemistry

A review of existing reports that cover the study area showed that 90 wells had been used as
data-collection sites during previous investigations. Water from most of these wells had been ana-
lyzed for organic compounds, and 18 had been analyzed for metals including arsenic, mercury and
iron. Benzene was detected in samples collected from 41 of 90 wells (46 percent). Water from three
wells was analyzed for herbicides, and water from 11wells was analyzed for polychlorinated biphe-
nyls; these compounds were not detected in any of the samples (Maurer and others, 1994).

A total of 198 subsurface soil samples were analyzed during previous investigations. Of those
analyzed for benzene, toluene, ethylbenzene, and xylenes (BTEX), 23 percent exceeded the soil
cleanup guideline of 10 mg/kg for the sum of BTEX compounds (ADEC, 1991). Trace concentra-
tions of polychlorinated biphenyls were found in one of eight borings analyzed for these com-
pounds. Herbicides in subsurface soil were below detection limits in the five borings analyzed.
Analyses for trace metals such as mercury, arsenic, and lead were done on 63 samples collected
near the northeast border of the study area. The highest values reported were 18,000 mg/kg arsenic,
587 mg/kg mercury, and 520 mg/kg lead (Maurer and others, 1994). Remediation efforts have
since been undertaken to mitigate these contaminant levels.

Sample Collection, Analyses, and Results

The objective of the sampling conducted during this study was to determine the current extent
of petroleum hydrocarbons and chlorinated solvents in ground water, particularly in areas where
little or no water-quality data were collected previously. These classes of compounds are com-
monly associated with commercial and industrial activities and generally serve as indicators of
anthropogenic ground-water contamination. To provide data from areas with no available wells,
temporary drive points were installed by drilling a 3-inch-diameter hole approximately 10 ft deep
and then hydraulically pounding a 1.25-inch-inner-diameter steel casing into the hole. In the result-
ing ground-water sampling network, there were approximately 500 ft between data-collection
sites.

Sampling was done in two distinct phases over a two-week period during August 1993.
Whenever possible, samples were collected in order of increasing anticipated concentration to min-
imize cross contamination. Each well was purged using 3/8-inch Teflon tubing with a peristaltic
pump prior to sampling, and the temperature, pH, and specific conductance of the water were con-
tinuously monitored during this procedure. Once these parameters had stabilized and at least three
well casing volumes had been purged, samples were collected in amber-colored volatile organic
analysis (VOA) vials with a controlled-flow bottom valve bailer or with a copper bailer in wells
with 1.25-inch-diameter casings. Samples were chilled after sampling and shipped on ice. Drive
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points, tubing, and bailers were decontaminated before each use by cleaning with high-pressure hot
water and liquinox solution followed by methanol and distilled-water rinses.

Quality Control

To provide quality control during the water-quality sampling program, a portable gas chro-
matograph (GC) unit was used to monitor ambient air and to analyze trip and equipment blanks.
Also, duplicate pairs of samples from selected sites were collected and analyzed to assure that the
field procedures were consistent. Standards for benzene, toluene, trichloroethylene (TCE), and tet-
rachloroethylene (PCE) were used. During the second phase of sampling, quality-control blanks
and duplicate samples were collected for analysis in the laboratory. Results of the analyses of qual-
ity-control samples indicated that no significant sample contamination occurred and that the equip-
ment operated consistently. A more detailed discussion of quality-control procedures and the
results of quality-control analyses are included in Appendix D.

Phase-One Sampling, Analyses, and Results

During the first phase of sampling, samples were collected in copper bailers, chilled, and ana-
lyzed using a portable GC in a temporary laboratory within the study area. The temporary labora-
tory was set up within a temperature-controlled environment to ensure stable performance of the
GC. Benzene was chosen as the primary target compound because its relatively high solubility in
water makes it a good indicator of the presence of petroleum hydrocarbons in general, but samples
were also analyzed for additional petroleum- and chlorinated-hydrocarbon compounds. Results of
the field analyses are mapped in figure 15 and listed in table 1 and Appendix D. These data indicate
that areas with dissolved petroleum- and chlorinated-hydrocarbon compounds exist in the central
and northeastern parts of the study area, respectively. Results of GC analyses are reported as ranges
because the precision of the analyses was not adequate for reporting discrete values. The GC anal-
yses were intended to provide relative concentrations of petroleum hydrocarbons to be used in
determining sites for phase-two sampling. By comparing GC results with the USGS National
Water Quality Laboratory (NWQL) results, low concentrations are approximately <10 pg/L,
medium 10-99 pug/L, and high concentrations would be >100 pg/L.

Phase-Two Sampling, Analyses, and Results

On the basis of data from phase one, 32 sites were selected for the second phase of sampling.
In addition to a suite of parameters measured in the field (Appendix D), these additional samples
were analyzed in the laboratory for a suite of petroleum hydrocarbons and selected chlorinated
compounds. Analyses were done by both the NWQL and an independent contract laboratory. The
NWQL analyzed for both petroleum hydrocarbons and selected chlorinated solvents. The contract
laboratory was engaged primarily to provide analyses of hydrocarbon compounds typically found
in gasoline. The results from laboratory analyses used more extensive analytical techniques than
the gas chromatograph and provided quantitative values for a larger number of compounds, includ-
ing breakdown products. The lab analyses reported lower detection limits and were used to qualify
data from the first phase of sampling. Most of the wells sampled during the second phase were also
analyzed again with the field GC (table 1) to determine the variability in sampling and methods of
analysis (Appendix D). Samples from 17 wells and 5 surface-water sites were also analyzed for
inorganic chemical constituents by DOMWM.
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Laboratory analyses focused on the BTEX compounds—benzene, toluene, ethylbenzene,
and xylenes—and selected chlorinated hydrocarbons. The BTEX compounds were selected as tar-
get compounds because they are generally good indicators of the presence of petroleum hydrocar-
bons in water. The chlorinated hydrocarbons investigated included tetrachloroethylene (PCE),
trichloroethylene (TCE), and 1,1,1-trichloroethane (1,1,1-TCA), which are common components
of solvents used in degreasing and dry-cleaning operations; and chlorofluorocarbons (CFC’s) and
trihalomethanes (THM’s), which can be general indicators of anthropogenic influence. Samples
were also analyzed for the most common products of the biological or chemical degradation of the
chlorinated hydrocarbons. A listing of the breakdown products for which analyses were performed
can be found in Appendix D.

To assure that the following discussion and associated figures are based upon comparable
data that were analyzed using comparable methods, only analytical results from the USGS labora-
tory are included in the following sections.

Petroleum hydrocarbons.—Analyses for the BTEX compounds (figs. 16 and 17) show that
moderate to high concentrations of these compounds occur in the east-central part of the study area.
Samples from several sites contained concentrations of benzene that exceeded the maximum con-
taminant level for drinking water of 5 pug/L (ADEC, 1993). The data indicate that fewer sites are
affected by ethylbenzene than by the other three BTEX compounds. This is probably due, at least
partly, to the low solubility of ethylbenzene coupled with its low concentration—relative to the
other BTEX compounds—in the source petroleum hydrocarbons.

Chlorinated solvents.—The pathways by which selected chlorinated hydrocarbons are
transformed, primarily by biodegradation, and the resulting products are shown in figure 18.
Knowledge of the concentrations and distribution of target compounds and their degradation prod-
ucts in ground water provides an indication of the natural attenuation processes that may be occur-
ring in the study area.

PCE and TCE were detected primarily in the northeastern part of the study area (fig. 19). In
addition to being a common industrial solvent, TCE can also occur as the result of biodegradation
of PCE. The primary product of TCE degradation is cis-1,2-dichloroethene (cis-1,2-DCE)
(fig. 20). The fact that cis-1,2-DCE was detected at only two sites (fig. 20) suggests that conditions
in the study area restrict biodegradation of PCE and TCE, or that cis-1,2-DCE breaks down rapidly
relative to PCE and TCE.
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Figure 15. Distribution of organic constituents in ground water as determined by gas-chromatog-
raphy done in the field, and site locations.
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Table 1. Relative levels of organic compounds in ground water from field gas chromatography
[C, no detect; L, low levels; M, medium levels; H, high levels; NA, not available]

Site Identification Phase1 Phase2 Site Identification Phase1 Phase2
AR3 NA C AR106 (ARB87) NA C
AR4 C C AR107 (ARB97) C NA
AR7 NA H AR108 (ARB91) L L
ARS8 L M AR110 (ARB120) C NA
AR25 C Cc Daily News Miner C NA
AR26 NA M ARB90 L NA
AR27 C C ARB92 C NA
AR35 NA H ARB93 C NA
AR37 C NA ARB94 C NA
AR38 C C ARB95 C NA
AR41 L L ARB96 C NA
AR42 C C ARB98 C NA
AR44 H H ARB99 C NA
AR46° H NA ARB100 C NA
AR47 C C ARB101 C NA
AR49 L L ARB102 C NA
AR51 C C ARB104 C NA
AR52 C NA ARB105 C NA
AR53 L NA ARB106 C NA
AR54 C NA ARB107 L NA
AR55 L NA ARB109 C NA
AR56 L L ARB108 C NA
AR57 C NA ARB110 C NA
AR58 L L ARB111 C NA
AR59 L L ARB112 C NA
AR68 C NA ARB113 L NA
AR69 H M ARB114 H NA
AR73 M NA ARB115 C NA
AR75 L L ARB116 C NA
AR76 M M ARB117 C NA
ART79 C C ARB118 L NA
AR81 NA H ARB119 C NA
AR100 NA C ARB121 L NA
AR103 NA C ARB122 C NA
AR104 NA C ARB123 L NA
AR105 NA C

?floating product found; high level is assumed.
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Figure 16. Distribution of benzene and toluene in ground water.
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Figure 17. Distribution of ethylbenzene and total xylenes in ground water.
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Figure 19. Distribution of tetrachloroethylene and trichloroethylene in the study area as deter-
mined by laboratory analyses.
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Figure 20. Distribution of cis-1,2-dichloroethene in the study area as determined by laboratory
analyses. ‘

Detectable concentrations of 1,1,1-TCA were measured at only seven sites scattered across
the study area (fig. 21). However, one of the primary degradation products of 1,1,1-TCA—1,1-and
1,2-dichloroethane (1,1- & 1,2-DCA)—was detected at 15 sites in the northern part of the study
area (fig. 21). The presence of 1,1- and 1,2-DCA and cis-1,2-DCE (fig. 20), which is also a product
of 1,1,1-TCA degradation, suggests that either chemical or biological degradation of 1,1,1-TCA
may be occurring.

The distribution of the CFC’s, trichlorofluoromethane and dichlorodifluoromethane, in the
study area varied (fig. 22). Trichlorofluoromethane was detected at 12 sites distributed throughout
the study area. However, samples from only two sites had detectable concentrations of dichlorod-
iffluoromethane.

The THM’s chloroform and dichlorobromomethane were detected at several locations across
the study area (fig. 23). THM’s typically form as the result of interaction between chlorinated water
and naturally occurring organic material. Wells AR100 and AR101 were installed as part of the
current study and it is possible that the chlorinated water from MUS used during the well-drilling
process was a significant source of the THM’s detected.
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Figure 21. Distribution of 1,1,1-trichloroethane and 1,1- and 1,2-dichloroethane in the study area
as determined by laboratory analyses.
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Figure 22. Distribution of trichlorofluoromethane and dichlorodifluoromethane in the study area as
determined by laboratory analyses.
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Figure 23. Distribution of chloroform and dichlorobromomethane in the study area as determined
by laboratory analyses.
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Inorganic constituents.—Water from 17 wells and 4 surface-water sites was analyzed for
inorganic constituents (figs. 24 and 25) (Vohden, 1994). Previous work has shown that ground
water throughout the Fairbanks area is of the calcium bicarbonate type (Nelson, 1978). Data col-
lected during the current study show that both ground water and surface water within the study area
are consistently of this type also (fig. 25) and water from all sites sampled, with the exception of
well AR105, Daily News Miner, and the Tanana River, have highly similar chemical characteris-
tics.
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Figure 24. Ground- and surface-water locations sampled for inorganic analyses during August
and September 1993.

Relative to other wells in the study area, water from well AR105 had high chloride and nitrate
concentrations, high specific conductance, and a dark brown color. These characteristics are typical
of ground water affected by waste water. It is possible that leakage from a nearby sewer line
affected water quality in this well. Differences between the chemical composition of the sample
from the Tanana River and samples from the other sites can be attributed to the large size of the
Tanana basin; water in the river near the study area is a mixture of waters from the entire basin
upstream from the study area and its chemical composition reflects the diversity of these waters.
Conversely, the chemical composition of most of the ground water in the study area is a result of
the interaction of the water with minerals in the local aquifer.
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Data from the cluster of wells AR100, AR101, AR102, and AR111, located near the center
of the study area provide insight into the chemical variability of ground water with depth within
the study area. These wells are located within 10 ft of one another horizontally and each is exposed
to water at a different depth. Temperature, specific conductance, alkalinity, and concentrations of
chloride, nitrate, sulfate, calcium, magnesium, sodium and potassium were higher and pH was
lower in the sample from well AR102, the shallowest well in the cluster, than in samples from any
of the other wells in the cluster (tables D-4, -5, and -6, Appendix D). In contrast to this observed
trend, concentrations of chemical constituents in ground water commonly increase with depth
because water at greater depth typically has followed a longer flow path. This longer flow path pro-
vides more time for the dissolution of aquifer materials to add chemical constituents to the ground
water. Deep water also tends to be influenced to a lesser degree by precipitation, which may tend
to dilute upper layers of shallow ground-water systems. The opposite pattern observed in the study
area suggests that shallow ground-water chemistry is altered by the processes of evapotranspiration
and vertical moisture redistribution associated with soil freezing, which tend to concentrate solutes
in the unsaturated and shallow saturated zones.

SUMMARY AND CONCLUSIONS

Activities in the Railroad Industrial Area in Fairbanks, Alaska, have resulted in accidental
releases of chemicals to the subsurface. Previous investigations, which indicated that petroleum
hydrocarbons are present in ground water beneath the site, have generated concern regarding local
ground-water quality and its potential impact on nearby water-supply wells and the Chena River.
This ongoing study is being conducted to characterize the environmental and hydrologic condi-
tions in the study area and to contribute to the development of the numerical subregional ground-
water flow model. Data collection for the study is being coordinated with other environmental and
hydrologic studies throughout the Fairbanks area so that data collected for all projects can be com-
bined into an areawide data base. Numerical modeling efforts for area projects are also being coor-
dinated to maximize model coverage. This coordination among projects will provide a more
accurate and comprehensive understanding of conditions throughout the area.

During the first part of the study, existing reports from previous investigations in the area
were reviewed and relevant information from these documents was compiled. All monitoring wells
referenced in these reports were then located. To provide a more comprehensive data-collection
network, 12 additional permanent wells and 33 drivepoints, which were later removed, were
installed.

Water-surface elevations were measured approximately monthly at both ground- and surface-
water sites. Selected sites were measured more frequently to assess short-term changes in the
ground- and surface-water systems. Discharge data of the Tanana and Chena Rivers were available
from long-term USGS stream-gaging stations. Supplementary discharge measurements were made
on Noyes Slough and at additional sites on the Chena River to help characterize the interaction
between ground water and surface water.

Ground water was sampled and analyzed to define the extent of the area affected by petro-
leum hydrocarbons and chlorinated solvents. In addition to these target compounds, water samples
were analyzed for selected inorganic constituents to aid interpretation of the ground-water flow
system, and for selected degradation products of the chlorinated solvents to help assess the fate of
these compounds.
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The ground-water system is affected by seasonal variations in the stage of the Chena River.
During periods of high water levels in the Chena River, when river stage is above the nearby water
table, the local ground-water system is recharged by the river. During periods of low water levels
in the Chena River, this relation reverses and ground water discharges into the river. In the past, it
is likely that pumping to dewater nearby gravel pits also affected the ground-water system by
changing the magnitude and direction of the hydraulic gradients in the study area. The ground-
water system typically has an upward flow component near the Chena River, but data indicate that
this is reversed in the upper part of the aquifer during periods of high water levels in the Chena
River. These periodic changes in the magnitude and direction of ground-water flow will influence
the fate and transport of dissolved hydrocarbons in the subsurface.

Laboratory analyses showed that both petroleum hydrocarbons and chlorinated solvents are
present in ground-water within the study area. The compounds are dispersed, with a concentration
of chlorinated solvents in the northeast part of the study area and petroleum hydrocarbons concen-
trated near the center of the study area (fig. 26). Furthermore, the presence of compounds that are
typical degradation products of chlorinated solvents suggests that biodegradation by indigenous
microorganisms is occurring.
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Figure 26. Zones of dissolved petroleum hydrocarbons and solvent-based compounds in the
study area, August and September 1993.
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Appendix A. Previously existing environmental reports about the study area.

Reports are numbered as they are received or obtained and processed. The numbering scheme
does not indicate the author, date or intent of the report.

No. Report

67  Alaska Department of Environmental Conservation, 1992, Standard quality assurance program plan for under-
ground storage tank systems: Fairbanks, Alaska, March. 67 p.

69 1992, Letter regarding quality assurance program plan for underground storage tank systems to Gilfilian
Engineering, Fairbanks, Alaska, 2 p.

78 1994, Oil spill report, Fairbanks, Alaska, 53 p.

35  Alaska Petroleum Environmental Engineering Inc., 1991, Alaska Chevron Station underground storage tank site
remediation quality assurance project plan 90-12015: Fairbanks, Alaska, variously paged.

45 1991, Alaska Chevron site characterization work plan 91-10013: Fairbanks Alaska, 6 p.

16 1992, Alaska Chevron, site characterization work plan: Fairbanks, Alaska, 11 p.

47 1992, Alaska Chevron revised site characterization work plan A-110132: Fairbanks, Alaska, 10 p.

36 1992, Results of the phase II environmental site investigation conducted at 333 Illinois Street: Fairbanks,
Alaska, variously paged.

37 1992-93, Various short reports and memos pertaining to Dale's Alaska Chevron, 333 Illinois Street: Fair-
banks, Alaska, variously paged.

46 1993, Alaska Chevron, Inc., Corrective action plan air sparging/vapor extraction system: Fairbanks,
Alaska, 9 p.

41  America North Inc., 1990-1991, Alaska Gold USSR&M site; responses & reports pertaining to USSR&M site:
Fairbanks, Alaska, variously paged.

27 1991, USSR&M site investigation report and proposed remedial plan: Nome, Alaska, variously paged.

40  America North/EMCON Inc., 1992, Remedial alternatives evaluation report USSR&M Site: Fairbanks, Alaska,
variously paged.

39 1992, Workplan for excavation and disposal of contaminated soils USSR&M site: Fairbanks, Alaska, var-
iously paged.

54  Bunch, Rufus, City of Fairbanks Engineering Dept., 1992, Site assessment for Municipal Utilities System Tank
Farm Dike project: Fairbanks, Alaska, 8 p.

76  City of Fairbanks, 1969, Proposal to develop the Alaska Railroad Industrial area: Fairbanks, Alaska, 18 p.

79  Dames and Moore, 1993, Monitoring well installation, Minnie Street Land Users Group: Fairbanks, Alaska,
41p.

19  Ecology and Environment, Inc., 1989, Site inspection report for USSR&M, Contract # 18-444-88: Fairbanks,
Alaska, 26 p.

14 Environmental Systems, Inc., 1990, Nerlands property on Illinois St. - Gold Storage Room, project # UGVE-
032: Fairbanks, Alaska, 6 p.
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71

17

62

22

32

33

20
68

65
66
72
52
75
48

10

53

31

61

56

26

Fairbanks Metropolitan Area Transportation Study Policy Committee, 1985, Fairbanks Railroad Industrial area
relocation: Fairbanks, Alaska, 63 p.

FPE/Roen Engineers, Inc., 1992, Alaska Gold building site, 612 Ilinois Street, limited site sampling: Fairbanks,
Alaska, 12 p.

Franklin & Allen Inc., 1985, MUS Chena Power Plant bulk fuel storage implementation plan: Fairbanks,
Alaska, 41 p.

Gilfilian Engineering, Inc., 1991, UST removal environmental site assessment/groundwater characterization
study for Kelly's Tire and Wheel, 269 Illinois Street: Fairbanks, Alaska, 13 p.

1991, Preliminary report on groundwater condition and proposed locations for additional groundwater
monitoring wells at Kelly's Tire and Wheel: Fairbanks, Alaska, variously paged.

1992, Environmental site assessment/groundwater characterization study for Kelly's Tire & Wheel: Fair-
banks, Alaska, 6 p.

1993, Site assessment report for Kelly's Tire & Wheels; 269 Illinois Street: Fairbanks, Alaska, 21 p.

1993, Letter to ADEC regarding proposed pilot test of air sparging and soil vapor extraction wells at
Alaska Chevron: Fairbanks, Alaska, 3 p.

___ 1993, Proposed corrective action plan for 1995 at Alaska Chevron: Fairbanks, Alaska, 7 p.

1993, CAP-Task 1 site assessment for UST removal on Alaska Chevron: Fairbanks, Alaska, 10 p.
1994, Quarterly ground-water characterization report, Alaska Chevron: Fairbanks, Alaska, 7 p.

Golden Valley Electric Assoc., 1993, Letter to ADEC and chemistry results for GVEA: Fairbanks, Alaska, 5 p.
1994, Letter to ADEC and chemistry results for GVEA, Fairbanks, Alaska, 9 p.

Lazenby, C., 1990, Historical resources along Iilinois Street, Fairbanks, Alaska: University of Alaska Fairbanks,
Department of Anthropology, 237 p.

Martech Construction, Inc., 1989, Tank closure site environmental assessment of the OK Lumber site location:
Fairbanks, Alaska, variously paged.

James M. Montgomery Consulting Engineers, Inc., 1984, Municipal Utilities System Water Treatment Plant,
City of Fairbanks: Alaska, 12 p.

1984, Hydrologic evaluation and aquifer test analysis, Municipal Utilities System: Fairbanks, Alaska,
12 p.

Nortech, 1993, Lucky Sourdough interim report: Fairbanks, Alaska, 17 p.

PTI Environmental Services, 1990, Transport of benzene in the unsaturated zone at the MUS Power Plant site:
Fairbanks, Alaska, 18 p.

Radian Corporation, 1991, Recommended remedial alternative for contaminated soils, Municipal Utilities Sys-
tem: Fairbanks, Alaska, variously paged.

ROEN Design Associates, Inc. Geotechnical Consultants, 1989, Water system master plan, Municipal Utilities
System: Fairbanks, Alaska, variously paged.

RZA-AGRA Engineering & Environmental Services, 1992, Phase I & II environmental site assessment; Alaska
Railroad Corporation/Nerland Corporation leaseholds: Fairbanks, Alaska, variously paged.

1993, Preliminary report, GVEA RR/Industrial complex chemistry: Fairbanks, Alaska, 15 p.

A-3



1993, Monitoring well soil analytical results and GVEA purchasing orders: Fairbanks, Alaska, variously
paged.

1993, Final report, Results of ground water sampling, Nerlands leasehold property: Fairbanks, Alaska,
5p.

1993, Interim report, Subsurface investigation, GVEA: Fairbanks, Alaska, 44p.

Shannon & Wilson, Inc., 1987, Power plant petroleum spill cleanup project, Municipal Utilities System: Fair-
banks, Alaska, 18 p.

1988, Progress report, Hydrocarbon recovery operations, Saupe Enterprises Bulk Plant: Fairbanks,
Alaska, 6 p.

1988, Progress report, Hydrocarbon recovery operations, Saupe Enterprises Bulk Plant: Fairbanks,
Alaska, 3 p.

1988, Installation of five new monitoring wells, Saupe Enterprises Bulk Plant: Fairbanks, Alaska, 16 p.

1989, Soil contamination investigation, Geist Road extension Illinois Street: Fairbanks, Alaska, variously
paged.

1989, Preliminary hazardous waste site evaluation, proposed Minnie Street connector: Fairbanks, Alaska,
31p.

1989, Soil sampling and installation of groundwater monitoring wells, Petroleum Sales: Fairbanks,
Alaska, 10 p.

1990, Site contamination assessment report, MUS Power Plant petroleumn product spill cleanup project:
Fairbanks, Alaska, variously paged.

1990, Exploratory drilling and sampling program for Illinois Street widening and Minnie Street connector
projects: Fairbanks, Alaska, 2 p.

1990, Monitoring of underground tank removal, 1733 Well Street: Fairbanks, Alaska, 12 p.

1990, Final report Illinois Street and Minnie Street connector, hazardous waste field inveétigations, phase
II: Fairbanks, Alaska, 46 p.

1991, Contamination of a Municipal Well Field; A case history of a phased approach to site characteriza-
tion and remediation: Fairbanks, Alaska, variously paged.

1991, Hazardous waste assessment; Illinois Street & Minnie Street Connector: Fairbanks, Alaska, 38 p.
1991, Installation of ground-water monitoring wells, 1733 Well Street: Fairbanks, Alaska, 3 p.

1991, Environmental studies regarding groundwater quality at Sourdough Express: Fairbanks, Alaska,
11 p.

1991, Monitoring removal of underground fuel storage tank at Sig Wold Storage and Transfer Inc., 1301
Well St.: Fairbanks, Alaska, 15 p.

1991, Project work plans Illinois Street contaminated soil removal plan: Fairbanks, Alaska, 22 p.
1991, Contaminated soil removal, Illinois Street right of way: Fairbanks, Alaska, variously paged.

1991, Underground storage tank closure and site assessment, Sourdough Express, 600 Driveway Street:
Fairbanks, Alaska, 11 p.

1992, Preliminary assessment of potential off-site hydrocarbon source, Municipal Utilities System, Fire
Well 3: Fairbanks, Alaska, 20 p.



60
21
30

50

73
70
71

74
43

15
59
63

58

1992, Environmental drilling and laboratory services, MUS Power Plant: Fairbanks, Alaska, 5 p.
1992, Geist/Johansen Expressway, lllinois Street hazardous waste investigation: Fairbanks, Alaska, 17 p.

1992, Project work plans release investigation Sig Wold Storage and Transfer, Inc. UST Site: Fairbanks,
Alaska, 12 p.

1993, Release investigation, Sig Wold Storage And Transfer, 1301 Well St., Fairbanks, Alaska, April 26,
24 p.

1994, Release investigation, Sig Wold Storage and Transfer, Inc.: Fairbanks, Alaska, 13 p.
1994, Well logs for monitoring wells at Saupe Enterprises: Fairbanks, Alaska, variously paged.

1994, Data showing impact of gravel pit dewatering on ground-water levels in the Minnie Street area:
Fairbanks, Alaska, 9 p.

1994, Work plan, preliminary site investigation Phillips Field Road upgrade, Fairbanks, Alaska, 19 p.

State of Alaska Department of Highways Materials Section, 1967, Materials report, College Road project no.
F037-1(20) Fairbanks district: Fairbanks, Alaska, 55 p.

Swan Drilling, 1986, Drilling logs and well measurements at Willner's Texaco: Fairbanks Alaska, 5 p.
URS Corporation, 1987, Water Treatment Plant water supply development project: Fairbanks, Alaska, 88 p.

VRCA Environmental Services Inc., 1991, MUS Power Plant monitoring well installation: Fairbanks, Alaska,
variously paged.

Woodward-Clyde Consultants, 1988, Fairbanks fuel facility: Fairbanks, Alaska, 46 p.

1991, Environmental audit, Municipal Ulilities System garage/warehouse: Fairbanks, Alaska, variously
paged.
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Figure A-1. Locations of study areas addressed in existing environmental reports.



Table A-1. Current well designations cross referenced to historical designations
and original report in which each well is discussed.

[NA, not available]

Report Report Report
This Other  number This Other  number This Other  number
report report  (appen- | report report  (appen- | report report  (appen-
well ID  well ID dix A) wellID wellID dix A) wellID  well ID dix A)
AR1 GW-123 2 AR38 Mw-4 27 AR75 MW-3 50
AR2 GW-128 2 AR39 MW-3 27 AR76 NA NA
AR3  GW-116 2 AR40 PR-1 27 AR77 NA NA
AR4  GW-115 2 AR41 PR-2 27 AR78 NA NA
AR5 GW-114 2 AR42 K-1 33 AR79 MwW-2 5
AR6  PW-113 2 AR43 K-2 33 AR80 NA NA
AR7  PW-112 2 AR44 K-3 33 ARS81 Well 2 15
AR8  GW-111 2 AR45 NA 44 AR82  Well4 15
AR9  PW-110 2 AR46  MW-42 44 AR83 NA NA
AR10 PW-109 2 AR47 MW-1 42 AR84 NA NA
AR11 PW-108 2 AR48 MW-2 42 AR85  Well 1 15
AR12 PW-107 2 AR49 MW-3 42 AR86 MW-21 NA
AR13 PW-106 2 AR50 MW-4 42 AR87 MW-22 NA
AR14  PW-105 2 AR51 MW-5 42 AR88 MW-23 NA
AR15 PW-104 2 AR52 MW-1 51 AR89 MWw-24 NA
AR16 GW-101 2 AR53 MW-2 51 AR90 MWw-25 NA
AR17  MW-25 3 AR54 MW-3 51 AR91  MW-41 44
AR18 MW-26 3 AR55 MW-4 51 AR92  Well 3 15
AR19  MW-27 3 AR56 MW-5 51 AR93  Well 5 15
AR20  MW-28 3 AR57  MW-6 51 AR94  Well6 15
AR21 MW-29 3 AR58 MW-7 51 AR95  MW-17 NA
AR22 MW-30 3 AR59 Zehnder 51 AR96 MwW-7 NA
AR23 MW-31 3 AR60 NA NA AR97 NA NA
AR24  MW-32 3 ARG61 NA NA AR98 MW-16 12
AR25 MW-1 8 AR62 NA NA AR99 DW-3 3
AR26 MW-2 8 AR63 NA NA AR100 NA 79
AR27 MW-3 8 AR64 NA NA AR101 NA 79
AR28 M-1 34 AR65 NA NA AR102 NA 79
AR29 MW-K4 20 AR66 NA NA AR103 NA 79
AR30 B-6 23 AR67 NA NA AR104 NA 79
AR31 B-7 23 ARG68 NA NA AR105 NA 79
AR32 B-9 23 AR69 MW-1 5 AR106 NA 79
AR33 B-10 23 AR70 N/A N/A AR107 NA NA
AR34 AKC-B1 36 AR71 N/A N/A AR108 NA NA
AR35 AKC-B2 36 AR72  USGS NA AR109 NA NA
AR36 AKC-B3 36 AR73  MW-1 50 AR110 NA NA
AR37 AKC-B4 36 AR74 MW-2 50 AR111 NA 79
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Table B-1. Historical chemical-spill information (ADEC, written commun., 1993)

Responsible Party Spill number Date Location Type
Odom Company 81310105401 02/23/81 1700 Well St. gasoline
Alaska Railroad 81310108201 03/23/81 lllinois St. aviation fuel
Alaska Railroad/ARCO 81310929501 10/22/81 Philips Field Rd. acid
Halliburton Services 81310931401 11/10/81 unknown

Texaco 83310109501 04/05/83 Bulk storage fuel oil
Saupe Enterprises . 85310128301 10/10/85 419 lllinois St. gasoline
Alaska Railroad 86310117702 06/26/86 Fairbanks Industrial area gasoline
Wiliner's Texaco 87310126501  09/22/87 Railroad yard antifreeze/oil/water
Fbks. North Star School District 88310101201 01/12/88 Minnie St. gasoline
Alaska Railroad 88310109902 04/08/88 Fairbanks yard gasoline
Alaska Railroad 88310109901 (04/08/88 Industrial area gasoline
Alaska Railroad 88310111601 04/25/88 Fairbanks yard Jet-A fuel
City of Fairbanks Police 88310114001 05/19/88 West part of FRIA

Alaska Railroad 88310116602 06/14/88 Fairbanks yard gasoline
Alaska Railroad 88310116601 06/14/88 Fairbanks yard gasoline
Alaska Railroad 88310117307 06/21/88 Tank car gasoline
Alaska Railroad 88310117301 06/21/88 Fairbanks yard gasoline
Alaska Railroad 89310101601 01/16/89 Fairbanks yard Jet-A fuel
Halliburton Services 89310905802 02/27/89 Alaska Railroad scale acid
Chevron Service Station 89310113804 05/18/89 llinois/Minnie St.

Kelly Firestone 89310114501 05/25/89 269 lllinois St. gasoline
Municipal Utilities System 893101156301 06/02/89 #2 Power plant

Municipal Utilities System 89310115302 06/02/89 Power plant diesel
Craig Taylor Equipment 8931022701 08/15/89 1409 Well St. diesel
Craig Taylor Equipment 89310122702 08/15/89 1733 Well St. gasoline
Alaska Railroad 89310934701 12/13/8%  Peger Rd./Fairbanks yard  corrosion inhibitor
Saupe Enterprises 90310121502 08/02/90 418 lllinois St. aviation fuel
Alaska Railroad 92310111204 05/01/92 Fairbanks yard hydraulic oil
Petroleum Sales 92310122002 08/07/92 lllinois St. fuel oil
Alaska Railroad 93310126301 09/20/93 Industrial area engine lubricant
Alaska Railroad 93310126601 09/23/93 Fairbanks yard engine lubricant
Fairbanks North Star Borough 94310101401 01/14/94 FMUS power plant gasoline
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Table B-2. Alaska Department of Environmental Conservation contaminated sites
(ADEC, written commun., 1993)

Location

Nature of contamination

1204 First Ave.

1205 First Ave.
1301 Well St.
138 Minnie St.
1733 Well St.
223 lllinois St.

269 lllinois St.

272 lllinois St.

328.5 lllinois St.

333 lllinois St.

410 Driveway St.

418 lllinois St.

512 lllinois St.

600 Driveway St.
600 Driveway St.
612 Illinois St.

NE corner of Driveway St.

Minnie St.

Benzene detected in water samples in 1981
Leakage Detected in 4 UST in 1987

Spillage of transformer oil

Soil and possible ground-water contamination
ground-water contamination

Soil and ground-water contamination by diesel fuel
Soil samples exceeded cleanup levels for DRPH

Subsurface hydrocarbon contamination gasoline
detected in ground-water

Soil contamination exists beneath building foundation

High levels of petroleum contamination in soil
Hydrocarbons and various solvents in ground-water

Gasoline found in soil and ground-water

Floating hydrocarbon on water table, hydrocarbon
contaminated soils

Diesel leaked to soil and ground-water, floating
hydrocarbon found on water table

Hydrocarbon contamination in soil near ground-water
extensive

Contaminated ground-water from leaking UST pipes
Elevated levels of arsenic and mercury in soil
Arsenic, cadmium, lead, mercury, silver, PCB's

Soil and water sampling revealed high levels of
hydrocarbons

High levels of hydrocarbon in soil and ground-water
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Figure B-1. Locations of A) historical tank and excavation locations and B) known land-
use activities in the study area through summer 1993.



APPENDIX C

Survey data for ground-water data-collection sites




Table C-1. Vertical and horizontal controls of observation wells in the Alaska Railroad Industrial Area
[MP, measuring point; NA, not available; FMUS, Fairbanks Municipal Utilities System; GVEA,

Golden Valley Electric Association; RR, railroad]

Horizontal Datum

Vertical Datum

This report X Y MP Ground
well ID Latitude Longitude East North elevation elevation Location
(plate 1)
AR1 645005 1474311 | 232599.8  3968336.5 440.36 440.5 |Kelly Tire, in street
AR2 645059 1474302 | 232752.6 3968784.2 439.56 439.9 |Chevron
AR3 645107 1474317 | 232100.8  3969578.1 440.62 438.1 |Suburban Propane
AR4 645101 1474306 | 232559.6 3968964.5 439.69 4369 |Texaco storage yard
AR5 NA NA NA NA NA NA Texaco storage yard
AR6 NA NA NA NA NA NA Saupe
AR7 645102 1474308 | 232483.1  3969100.9 440.08 437.7 |Saupe
ARS8 645104 1474311 | 232348.1 3969264.6 440.19 NA Saupe
AR9 645106 1474316 | 232161.8  3969491.6 438.24 438.4 |Suburban Propane
AR10 645104 1474314 | 232249.1 3969291.6 439.23 NA Texaco storage yard
AR11 645104 1474313 | 2322934  3969290.4 436.89 437.0 |RR tracks
AR12 645105 1474315 | 2321966  3969399.7 NA 438.7 |Suburban Propane
AR13 645105 1474313 | 232274.3  3969420.2 438.21 NA Suburban Propane
AR14 645104 1474314 | 232229.3  3969282.6 437.81 438.0 |Suburban Propane
AR15 645106 1474315 | 2322125  3969494.7 440.81 437.8 |Suburban Propane
AR16 645103 1474320 | 2319854  3969617.2 437.32 437.4 |Sourdough Express
AR17 645050 1474417 | 2294829  3967989.9 439.05 NA FMUS
AR18 645049 1474417 | 229473.7 3967885.9 433.87 NA FMUS
AR19 645047 1474411 | 229740.1  3967698.5 434.91 435.0 |Badger Street
AR20 645047 1474411 | 2297410 3967693.9 434.99 435.0 |Badger Street
AR21 NA NA NA NA NA NA Downtown location
AR22 NA NA NA NA NA NA Downtown location
AR23 NA NA NA NA NA NA Downtown location
AR24 NA NA NA NA NA NA Downtown location
AR25 645104 1474302 | 232770.7 3969343.7 442.44 439.5 |GVEA near Nerlands
AR26 645105 1474311 | 2323875  3969378.6 440.25 437.7 |GVEA near Nerlands
AR27 645107 1474306 | 232600.3  3969579.7 441.51 439.0 |GVEA near Nerlands
AR28 645100 1474423 | 229269.1  3968990.4 434.43 NA Craig Taylor
AR29 645055 1474304 | 232668.2 3968400.3 | 440.29* NA Kelly Tire
AR30 NA NA NA NA NA NA Kelly Tire
AR31 645055 1474303 | 232676.2  3968350.7 439.96 4406 |Kelly Tire
AR32 645059 1474300 | 232825.7 3968796.5 438.85 439.6 |Chevron Station
AR33 645059 1474300 | 232815.7  3968759.6 440.09 440.4 |Chevron Station
AR34 645058 1474302 | 2327391  3968713.6 440.59 440.8 Chevron Station
AR35 645059 1474301 | 232788.5  3968807.1 439.30 439.6 |Chevron Station
AR36 645059 1474300 | 232840.4  3968741.6 440.49 440.8 |Chevron Station
AR37 645058 1474259 | 232891.8  3968723.6 441.28 4415 |Chevron Station
AR38 645108 1474311 | 232362.2  3969679.1 440.70 438.2 |Alaska Gold
AR39 645108 1474307 | 2325522  3969664.9 44165 439.1 |Alaska Gold
AR40 645110 1474309 | 232460.7 39699129 44117 438.1 |Alaska Gold




Table C-1. Vertical and horizontal controls of observation wells in the Alaska Railroad Industrial Area -- Continued
[MP, measuring point; NA, not available; FMUS, Fairbanks Municipal Utilities System; GVEA,

Golden Valley Electric Association; RR, railroad]

Horizontal Datum

Vertical Datum

This report X Y MP Ground

well ID Latitude Longitude East North elevation elevation Location
(plate 1)

AR41 645110 1474308 | 232511.3  3969871.4 441.42 438.0 |Alaska Gold
AR42 645053 1474303 | 232701.3  3968197.1 439.93 440.5 |Kelly Tire
AR43 645053 1474305 | 232596.0 3968181.1 439.89 4401 |Kelly Tire
AR44 645052 1474304 | 232572.4  3968482.3 439.68 439.8 |Ace Hardware
AR45 645100 1474316 | 232153.0 3968889.5 440.58 438.2 |Petroleum Sales
AR46 645058 1474319 | 232071.2 3968719.9 | 436.07* 436.1 |Petroleum Sales
AR47 645107 1474323 | 231935.2  3969466.2 438.07 438.3 |Sourdough Express
AR48 645108 1474324 | 231810.2 3969724.5 437.25 437.6 |Sourdough Express
AR49 645105 1474321 | 231934.0 3969467.7 439.31 437.0 |Sourdough Express
AR50 645106 1474320 | 232000.0 3969553.7 437.33 437.4 |Sourdough Express
AR51 645107 1474318 | 232062.3  3969659.7 436.86 4374 |Sourdough Express
AR52 645112 1474326 | 231756.6 39701156.5 438.53 4359 |GVEA
AR53 645111 1474314 | 232276.0 3970041.7 440.42 4374 |GVEA
AR54 645114 1474326 | 232174.3  3970366.9 439.59 4369 |GVEA
AR55 645112 1474309 | 232468.8  3970137.7 439.16 436.5 |GVEA
AR56 645108 1474300 | 232853.0 3969746.7 441.08 438.2 |GVEA
ARS57 645110 1474257 | 232973.3  3969950.3 NA 4399 |GVEA
AR58 645115 1474254 | 2331242  3970451.7 440.31 437.5 |GVEA
ARS59 645117 1474305 | 232678.0 3970650.2 440.10 4376 |GVEA
ARG60 645058 1474225 | 234355.0 3968685.7 439.17 NA Minnie Street
ARG61 645059 1474224 | 234186.8  3968764.3 438.01 NA Minnie Street
AR62 645058 1474226 | 234306.0 3968664.6 438.61 438.7 |Minnie Street
AR63 645059 1474230 | 2341425 3968712.8 NA 439.9 |Minnie Street
AR64 645058 1474234 | 233943.5 3968711.3 438.18 438.2 |Minnie Street
AR65 645042 1474251 | 233174.0 3967022.6 437.84 437.7 |Aurora Motors
AR66 645041 1474249 | 232501.1  3968183.9 438.68 438.5 |Aurora Motors
ARG67 NA NA NA NA NA NA Aurora Motors
AR68 645100 1474421 | 229341.0 3968945.0 436.62 436.1 |Craig Taylor
AR69 645100 1474424 | 229200.2 3969037.5 434.44 434.9 |Craig Taylor
AR70 645101 1474300 | 232857.8 3968944.3 NA NA FC1-1-3DDCC1-5
AR71 645116 1474245 | 233547.3  3970450.3 NA NA FC1-1-3DADB1-7
AR72 645101 1474250 | 233298.6  3967110.2 437.91 NA 1st Avenue on median
AR73 645058 1474346 | 230822.3  3968785.1 438.13 438.3 |Sig Wold Property
AR74 645058 1474348 | 230773.6  3968787.9 437.61 437.9 |Sig Wold Property
AR75 645058 1474348 | 230763.6 3968739.8 437.87 438.2 |{Sig Wold Property
AR76 645101 1474317 | 232090.8 39689274 436.92 436.9 | Well on RR tracks
AR77 645102 1474316 | 232161.7  3969052.0 436.52 NA Well on RR tracks
AR78 645100 1474426 | 229212.0 3969026.9 NA NA Craig Taylor
AR79 645100 1474426 | 229105.0 3968990.9 434.60 434.7 |Craig Taylor
AR80 645101 1474307 | 2325189  3968996.9 438.18 NA Under Oil Rd. pavement
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Table C-1. Vertical and horizontal controls of observation wells in the Alaska Railroad Industrial Area -- Continued
[MP, measuring point; NA, not available; FMUS, Fairbanks Municipal Utilities System; GVEA,
Golden Valley Electric Association; RR, railroad]

Horizontal Datum Vertical Datum
This report X Y MP Ground
well ID Latitude Longitude East North elevation elevation Location
(plate 1)
AR81 645103 1474321 | 2319164  3969225.9 437.09 437.1 |Texaco storage yard
AR82 645104 1474314 | 2322595  3969303.7 437.48 NA Texaco storage yard
AR83 645103 1474312 | 232202.0 3969491.6 440.47 NA Saupe
AR84 645058 1474228 | 234205.4  3968621.1 438.51 438.6 |Clara Street
AR85 645104 1474320 | 231979.2  3969346.2 437.31 NA Texaco Storage Yard
AR86 645104 1474310 | 232454.2  3969285.3 439.86 438.4 |Saupe
AR87 NA NA NA NA NA NA Saupe
ARS8 645104 1474312 | 232352.0 3969275.2 438.31 437.0 |Saupe
AR89 NA NA NA NA NA NA Saupe
AR90 645104 1474311 | 232399.9 3969147.7 440.79 NA Saupe - 12" casing
AR91 645059 1474317 | 232119.1 3968796.0 439.80 NA Petroleum Sales
AR92 NA NA NA NA NA NA Texaco storage yard
ARS3 NA NA NA NA NA NA Texaco storage yard
AR94 NA NA NA NA NA NA Texaco storage yard
ARS5 645103 1474315 | 232208.9 3969166.4 435.53 435.9 |Wellon RR tracks
AR96 645104 1474311 | 2323722  3969238.7 440.21 NA Saupe
AR97 645103 1474545 | 225738.2 3969322.1 440.97 437.5 |Johansen Overpass
AR98 NA NA NA NA NA NA Well at FMUS
AR99 NA NA NA NA NA NA NA
AR100 645057 1474349 | 230728.9  3968595.7 440.82 438.9 |FMUS coal transfer
AR101 645057 1474348 | 230772.2  3968594.5 440.70 439.3 |FMUS coal transfer
AR102 645057 1474349 | 230728.9  3968595.7 440.92 438.5 |FMUS coal transfer
AR103 645053 1474315 | 2321874  3968149.4 440.79 438.3 |Railroad depot station
AR104 645110 1474345 | 230954.0 3969863.0 440.31 437.2 |Eielson branch of RR
AR105 645055 1474335 | 231328.0 3968376.1 441.49 438.2 |Heat Inc.
AR106 645104 1474356 | 230445.0 3969315.0 438.74 435.7 |H&S
AR107 645056 1474429 | 228982.2  3968587.1 438.74 436.7 |Alaska RR yard
AR108 645103 1474340 | 231134.6  3969194.5 438.40 436.4 |Bourough warehouse
AR109 6451156 1474319 | 232083.0 3970370.0 441.94 440.1 |Eielson branch of RR
AR110 645119 1474259 | 232971.0 3970777.0 436.62 4346 [Eielson branch of RR
AR111 645057 1474348 | 230750.0 3968554.0 441.16 439.0 |FMUS coal transfer
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Appendix D. Results of chemical analyses.

The results of all laboratory and field chemical analyses are presented in this appendix.
Results of organic analyses done at USGS laboratories are reported in table D-1. Comparison of
BTEX analyses from USGS and Enseco laboratories are presented in table D-2 and figure D-1.
Results of inorganic analyses are reported in tables D-3, D-4, and D-5. Quality-control data are
summarized in table D-6.

Comparison of data from USGS & Enseco laboratories.—Analyses were done by both
the USGS and Enseco Laboratories in Arvada, Colorado. Results of duplicate analyses by the two
laboratories agreed well (fig. D-1). There are several possible reasons for the differences that do
exist. First, samples sent to the Enseco laboratory were preserved with acid prior to shipping, and
those sent to the USGS laboratory were not. Second, the two laboratories follow slightly different
methods of analyses for these compounds—Enseco follows U.S. Environmental Protection
Agency (USEPA) methods 413.1 and 418.1 and the USGS follows USEPA method 524.2. Finally,
for the calibration of equipment for analyses of low-concentration samples, the USGS laboratory
uses standards with concentrations at the reporting level of each compound whereas the Enseco
laboratory uses higher-concentration standards.

The greatest discrepancies in analytical results from the two laboratories were detected in
samples from well AR49 (tables D-1 and D-2; refer to samples AR49 and AR49-dup). Neither ben-
zene nor toluene was detected in samples AR49 or AR49-dup analyzed at the USGS laboratory.
However, a concentration of more than 10 pg/L of these compounds was detected in samples AR49
and AR49-dup analyzed at the Enseco laboratory. The lower concentration in the sample sent to
the USGS laboratory may have been the result of microbial degradation; acid preservation of sam-
ples sent to the Enseco laboratory would have inhibited similar degradation in the Enseco sample.
In the future, all samples will be preserved with acid and analyzed by the method used in the USGS
laboratory.

Quality-control data.—No target compounds were detected in any of the three trip blanks.
Some of the equipment blanks indicated slight cross contamination among samples; however, no
cross contamination was detected in the wells sampled with copper bailers. For example, on the
first day of sampling, before any samples had been collected, 0.3 pg/L of trichlorofluoromethane
was detected in a blank collected from a cleaned bailer. On the second day of the sampling,
0.3 pg/L of toluene and xylene was detected in a sample collected from a cleaned bailer (table
D-6). However, these concentrations are near the detection level and, therefore, did not pose a
problem to the interpretation of the data. Nonetheless, future samples will be collected using dis-
posable Teflon bailers, except in the 1.25-inch wells where copper bailers will continue to be used,
to minimize cross contamination among wells and to reduce the amount of waste hexane and meth-
anol generated by the cleaning of equipment.

Concentrations of BTEX compounds detected in an equipment blank on the third day of sam-
pling were high enough to indicate a potential problem. However, concentrations of BTEX com-
pounds in samples collected after this equipment blank indicate that these samples were not
compromised.
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Agreement between duplicate sample pairs collected for organic (table D-6) and inorganic
(tables D-4 and D-5) constituents during the two-week sampling period, and agreement between
the field and laboratory results show that the quality of the data is good.

D-3



20> 0> ¢0> 20> 20> 20> 20> 20> 20> sausjAx
g'0> G'0> go> g'0> S0~ g'0> S'0> g0> G0> €l uoaid
20> z0> ¢ 0> 20> 20> 20> 20> 20> 20> aualfig
0> 0> c0> c0> c0> c0> vl c0> c0> auayjao.ojydIp-g‘L-siD
0> 80 20> 20> 20> 20> FAY A 20> 20> auajAyjaolojyol |
20> 0> ¢ 0> 20> 20> 20> 20> 20> 20> SpLIoJYSJAUIA
0> c¢0> 20> 20> rA) ) 20> 20> Z'L 20> aueyjawolonjipoloyold
0> ¢0> 0> ¢0> z0> 20> 20> 20> 20> oJojyolip-#'| ‘suszuag
c0> c0> c0> 20> 20> ¢ 0> 20> 20> 20> olojyolp-¢'| ‘suszusg
0> c0> 20> 20> 20> 20> 20> 20> 20> auayjeolojyoipsuel-z‘L
¢0> c0> 20> 20> 20> 20> 20> 20> 20> suedouidolojyoig-z‘L
c'0> c0> ¢0> 20> 20> 20> 20> 20> 20> oJojyo-o ‘suszuag
A} 0 c0> L0 20> 20> Z0 20> 20> aueysoolydl] -1 1 L
20> 20> c0> 20> ¢ 0> 20> 20> 20> 20> ausjAyjeoiojyaig-1‘L
rA] (4 c'0> ¢0> 20> 20> 20> 20> z0 aueyjaoJolyoIg-L‘L
€0 S0 ¢ 0> 0’6l 20> 20> 20> 'S 20> aueyjawolonfjosojyoL |
6°0 091 ¢0> 59 20> Z0> €0 60 Z0> ausjAyeolojyoelia |
20> 0> c0> ¢0> 0> ¢ 0> 20> z0 20> apuojyssuajAye
20> ¢0> c0> 20> ¢0> ¢ 0> 20> 20> 20> suazuaqjiy}g
20> ¢0> 20> 20> 20> 20> 20> 20> 20> auazuaqololyn
0> 0> ¢ 0> 20> 20> 20> 20 20> 20> auazuag
0> 0> ¢ 0> 20> 20> Z0> 20> 20> 20> auanjo|
0> ¢0> 0> rali] 20> 20> 20> o'l 20> wojosoD
20> 0> c0> 20> 20> 20> 20> 20> 20> sueyjawowoiqipolojyn
c'0> c0> c0> 20> 20> 20> 20> 20> 20> wiiojoulosg
9'0 S0 20> 20> c0> c0> rAL [l rAl] aueyjeouojya1g-z‘L
¢0> ¢0> ¢0> 20> 20> 20> 20> 20> 20> apliojyoeuisiuogled
c0> 20> 0> 20> 20> 20> 20> 20> 20> sueyjawouwoiqo.ojyadid
civl oeelL GLEL ogect 1401%" 060 2060 ov6l °15:12 :pajdwesg awi) juaniysuod
€6/LE/80 €6/LE€/80  €6/LE/80  €6/LE/B0  €6/LE/80  €6/LE/B0  €6/LE/80  £6/0€/80  £6/0€/80 :pajduwies ajeq
8eyv 9GHY xa-\4 65V 1414 Maz-\4 85V FAz-\ 6,4V

ai aus bujjdwesg

[al1qelanodal ‘pasayyun

‘S|ejo) ale sjuanyisuom jje ‘sjuanyiisuod ojueblo Jo uonesipul ou ¢, ‘ajeondnp ‘dnp ‘juswdinbs “b3 iuey) sse} ‘> 1oy} Jad swiesboo uf senjep]
Aojeloqge} Aamng [eoibojoas) 's N ay3 1e pazAjeue sajdules Jajem punolb us spunodwod oweblo Jo suonesuadsuo) *L-a ajqeL



c0> ¢'0> L6 ¢'0> ¢0> 0'00¢ €0 L0 6’0 sauajAY
G'0> g'0> g'0> S'0> §'0> g'0> 0> g'0> S'0> gl uoaif
c0> ¢0> ¢'0> c0> ¢0> ¢0> ¢'0> c'0> ¢'0> sualfis
0> ¢0> ¢'0> c0> 20> 6°0 c0> c'0> ¢'0> auayjsolo|yolp-z'L-siO
c0> G0 20> 20> €0 20> 20> 20> 20> ausjAyysolojyol |
c'0> ¢0> 20> 0> 20> c'0> ¢'0> ¢0> ¢'0> 8pUojySJAUIA
0> [AVg c'0> c'0> 20> ¢'0> ¢'0> ¢0> ¢'0> aueyjswosonyipoo|yadlq
0> (A ¢'0> 20> ¢0> ¢0> ¢'0> ¢’0> ¢'0> olojyolp-y‘| ‘suszueg
20> ¢'0> ¢'0> 0> 0> ¢0> ¢ 0> ¢0> ¢0> oJojyoip-g‘| ‘suszusg
20> ¢'0> ¢'0> c0> 20> ¢'0> ¢'0> ¢0> ¢'0> ausyjeosojyolpsuel]-z'|l
¢0> ¢'0> ¢'0> 20> 20> ¢0> ¢'0> ¢ 0> ¢'0> auedoidoio|yolg-z'}
c0> ¢0> ¢ 0> 20> 20> 20> 20> 20> 20> 010Jyo-0 ‘suazusg
0 ¢'0> c0> 0> ¢'0> c0> ¢ 0> c0> ¢0> aueyisoJojyou |-}
c0> ¢'0> ¢0> c0> ¢'0> c'0> ¢'0> ¢'0> ¢0> auajAypsoso|yoia-1 '}
¢'0> rAli] c0> c'0> rAl [A Vg ¢0> rAl rAl aueyjaolo|yoig-| L
8°C ¢0> ¢'0> c¢0> rAl] ¢0> ¢0> c0> ¢'0> aueyjswolonjolojyou
0’9 oL (A0 20 €0 ¢0> ¢'0> c0> ¢'0> auajAyjsolojyoena |
0> c0> c'0> ¢0> 0> ¢0> €0 c0> ¢'0> apuojyosus|Ayie N
c0> ¢0> c0> c'0> 0> ooLi c0> ¢ 0> ¢'0> auszuaq|Ayi3
c0> ¢'0> ¢'0> c0> 20> (A c0> ¢0> ¢0> auszusqoJolyod
20> ¢0> 08¢ c'0> 20> 0°0S} S0 ¢'0> ¢'0> suszusg
0> ¢0> ¢'0> c0> 20> 29 ¢0> c0> ¢'0> ausnjol
20> (A0 ¢'0> 20> 20> ¢'0> c0> ¢0> ¢0> wojoIo|yd
c0> ¢0> ¢'0> 20> 0> ¢0> c0> ¢0> ¢'0> auey}awowoLqIpoIolyd
c0> ¢'0> ¢'0> 20> 20> ¢0> c0> 0> c0> ulojowolqg
0> S0 c0> 8’0 9°0 ¢0> 9°0 90 90 aueyjsolo|yaig-z'L
0> ¢0> ¢'0> ¢'0> 20> ¢'0> c0> (A1 ¢0> apuojyoessiuoqie)
¢'0> ¢ 0> ¢'0> c0> 20> ¢'0> 0> ¢'0> ¢'0> sueyjswouwoiqoloiyalqg
0esgl 081 Gcll bLLL 89l LEG1 LLSL 144" 124" :pajdwesg awi) jusnjijsuo)
€6/LE/80 €6/LE/80  €6/LE/80  €6/LE/80  €6/LE/80 €6/LE/80  €6/LE/B0  €6/LE/B0  €6/L€/80 :pajdwes ajeq
172-)4 32-14 14-14 2=\ 14-\'4 184V LGdV  dnp-6pdV 6V

ai ays bujdweg

[ej9eI9A0081 ‘pass)un

‘S|ej0} aJe SJUBN}IISuUOD || ‘syuanisuos oiueblo jo uolesipul ou * , ‘ajedidnp ‘dnp ‘juswdinba “'b3 ‘uey) sse| ‘> 8y Jad sweibooiw ul senjep]
penunuo) -- Aiojeloqe| AeAing |eo160j0s9) ‘S N ay) Je pazAjeue sajdwes sajem punosb ul spunodwos oluebio jo suopesusdcuo) L-q djqel



co> rAL c0> 86 L€ ‘0002 '000¢€ 0 '000€ saud|AX
g0> g'0> G'0> G0> G'0> g0 G'0> G0> Go> €1 uosig
c0> ¢0> 0> 20> 20> 92 20> Z0> 20> suaifig
¢o> c0> c0> 0> c0> c0> 20> 20> 20> 8UBYIS0I0|YDIP-Z | -SID
co> (A c0> 20> A c0> 20> (4" 20> ausjAyjecio|you |
c0> c0> ¢0> 0> 20> 20> 20> 20> 20> BPUOJYDJAUIA
¢0> c0> 20> 20> 20> 20> 20> 20> 20> aueyiswoionyipoiolyolg
¢0> (A4 0> 20> z0> 20> 20> 20> 20> 0.i0jyoIp-¥'| ‘suszusg
0> c0> 20> 20> 20> 20> 20> 20> 20> 0JOjyoIp-¢'| ‘susazuag
c0> 0> 0> 20> 20> 20> 20> 20> 20> auays0I0jyoIpsuelL-Z'L
c0> c0> c0> 20> 20> 20> 20> 20> 20> suedoidoiojyoig-g'L
¢0> ¢ 0> ¢ 0> 20> 20> 20> 20> 20> 20> 010|ys-0 ‘suszusg
¢0> c0> c0> 20> 20> 20> 20> 20> 20> aueysololyou -1l
20> ¢0> ¢ 0> 20> 20> 20> 20> 20> 20> ausjAujsolojyaig-1'L

o c0> c¢0> €0 0 c0> 20> [41) c0> aueyysoio|yoIg-L L
ve 0> c0> 0'¢ 9'0 20> 20> 20> 20> auBUISWOIONJOIOIYDI |
c0> 0> 20> 20> 20> €0 S8 20> 20> ausjAyjsoiojyoea}e |
¢o> 0> c0> 20> €0 0> 20> (A1) c0> apuojyoauslAuIBIN
¢0> ¢0> c0> 9y rA] 0> ‘0S¥ c0> ‘009 suszuaqlApg
¢0> c0o> 20> z0> 20> 20> 20> 20> 20> auazuaqolojy)
0> ¢0> o€l S0 €e ‘00S}) ‘098 6°S '08. suszusg
0> €0 €0 0> 89 ‘0002 ‘0061 0 008} auon|o|
¢o> c0> €0 Al 0> c0> 0> 0> 0> wJojolojyd
¢0> c0> ¢ 0> ¢0> 20> 20> 20> 20> 20> aueyjaWOWOIgIpoIoIYD
0> ¢0> ¢'0> 20> C 0> 20> 20> 20> 20> wojowoig
Vo 0> c0> 90 20 c0> 0> L0 20> aueyyL0IolYdIg-C'l
¢ 0> 0> 20> 20> 20> 20> 20> 20> 20> apuojyoessu0gie)
c0> 0> 20> 20> 20> 20> 20> 20> 20> aueylawWoWoIqoIoyodld
6€cCl giel 8011 ciol Gge60 8160 980 Ge|o L16L  :pajdwes awiy juanjijsuod

€6/L0/60 €6/L0/60  €6/L0/60 €6/L0/60 €6/L0/60  €6/L0/60  €6/L0/60 £6/L0/60 £6/LE€/80 :pajdwes ajeq
y0LdV coLuv 8014V 694V 9.8V SEUV LV 8yv v

ai ays bujdwes

[eiqeloncoal ‘pass)yun

‘S[ejo} ale sjuanyisuod ||e ‘syuanyisuod diueblo jo uoneodipul ou * , ‘ejeandnp ‘dnp juswdinbe b3 !uey) sse| ‘> oy Jod swelboolw ul sanjep]
penujuo) -- Aiojeloge| feaing (0160|099 ‘SN au) Je pazhjeue sajdwes Jajyem punoib uj spunodwod ojuebio jo suonenuaduo) *L-g dlqel

D-6



0l 90 20> z0> Al 20> €0 €0 SauajAX
g'0> G0~ Gg'0> G'0> S'0> S0> Gg0> G0> g€l1 uosid
¢0> 20> 20> 0> 20> 20> 20> 20> aualfis
co> 20> 0> 20> 20> 20> 20> 20> auays0IoyIp-Z'L-SI1D
20> 20> 20> 20> 20> 20> 20> 20> auajAysolojyon L
¢0> 20> 20> A 20> 20> 20> z0> SpHOJYDIAUIA
c0> c'0> ¢0> 20> 20> 20> 20> 20> aueydwosonyiposoyaig
c0> c'0> ¢0> 20> 20> 20> 20> 20> olojyoip-t'| ‘suszusg
c0> ¢0> 20> z0> 20> 20> 20> 20> 0J0JyoIp-¢'} ‘suszusg
c0> ¢0> ¢0> ¢0> 20> 20> Z0> 20> ausyLoJojyojpsuel)-g'lL
c0> 0> 20> 20> 20> 20> 20> 20> auedoidosoyoia-z'L
¢ 0> c0> ¢0> ¢0> 20> c0> 20> 20> 0J0jy2-0 ‘auszusg
c'0> c0> ¢'0> ¢0> ¢0> 20> 20 €0 sueyeoloiyoul-L‘L'y
20> ¢'0> ¢0> ¢0> 20> 20> 20> 20> ausjAyieololyaia-1‘L
¢0> c0> ¢0> c0> 20> 20> 20> 9L aueyR0Io|YoIg-1 'l
c0> ¢ 0> ¢ 0> 9'L 20> 20> 'L €0 aueyjawolon|joiojyol |
c0> 20> ¢0> 0> 20> 20> 20> 20> augjAyyaoio|yoenal
20> 20> ¢'0> 20> 20> 20> 20> 20> apLio|yoauaAyIdN

0 c'0> c0> 20> 20> 20> 20> 20> suazuagjAiylg
20> c'0> ¢'0> 20> 20> 20> 20> 20> auszuaqololyd

80 90 20> 20> rAl) FAES 20> €0 suazueg

80 9’0 ¢0> 0> 60 20> 0 S0 auanjo|
0Ll 0'S) c0> rAlL LT L¢ c0> ¢0> wiojololyd
20> ¢'0> 20> 20> 20> 20> 20> 20> aueylaWowWoIqIpoIoIyD
¢'0> c0> ¢0> 0> 20> Z 0> 20> Z0> wJojowo.ig
0> ¢0> 20> 20> 20> 20> 20> o sueysololy2Ig-z'lL
0> ¢0> c0> 20> 20> 20> 20> 20> apuojyoeLuogIe)

| X4 9L ¢0> 20> 20> 20 c0> c0> aueyjawowo.iqosojyaiq
65¢l 8G¢cl LLLL 12%°]" 109l 0091 651 cevl :pajdweg awi juanjisuo)n

€6/60/60 €6/60/60 £6/60/60 €6/L0/60  €6/L0/60  €6/L0/60 £6/L0/60 £6/10/60 :pajdwes ajeq
dnp-L018V  L0LYYV L0V 201V dnp-00ldV _ 00L¥V GoLdv 901LdVv

ai aus bundwes

[sigeI2A0081 ‘pais)jyun

‘s|ejo} aJe sjusnisuod jje ‘sjusnysuod djueblo jo uonesipui ou ¢, ‘ejeodnp ‘dnp juswdinba b3 ‘ueyy sse| ‘> ‘e od swesboolw ui senjep]
panuiuo) -- Aiojesoqe| Asning [eaib0joa9) S 8y} je pazAjeue sejdwes Jajem punosb uj spunodwod olueblio Jo suoiesjusduo) *3-a algel

D-7



vN 16 VN 00081 VN oL> VN oL> VN o0ge soebiQ sbuey sujjosen
rAl) 9°0 oooe ooLy 20> S'0> 20> G'0> 1'6 91 (je10y) sausjAx
20> G0> 009 (11:18 20> S0> 20> 50> 20> 0z suazuaqjAulg
z0 90 008} oove z0> g'0> z0> g0> z0> 5> susnjol
6'S L 08. 0z8 Z0> G'0> z0> g0> 8z ¢ suszueg
§osn  o%esuy | S9SN odesuj | SOSN  odoesuj | S9SN odssuz | SOSN  098sul
8yv 22°)4 SNV (8251 9TV
VN Ll VN o> VN 0011 VN o> VN oLl souebiQ abuey auljosed
zo0> G0> 20> G0> 00¢ 0S¢ €0 g0> Lo L (1ey03) sausjhx
20> g0> z'0> G'0> oLl £8 z0> g0> 20> Ty suszuaqiiy3
z0> g0> 20> G'0> z9 01> z0> g0> 20> 0> ausnjol
z0> L'e Z0> G0> ost oclL 50 90 z0> ¥4 suazueg
sosn  oodesug SOSnN  odasul sosn odesul | S9SN odesug | S9SN  odossuz
£yv 12514 L8YV LSYY a-evyv
VN 00l VN 0i> VN ol VN (0] VN 0l> sojuebiQ abuey suljosen
60 99 z0> 50> z0> 50> z0> g0> z0> 50> (eyoy) sauajhx
T0> A4 20> G0> z0> g0> z0> g0> 20> G'0> auszuaqihuil
z0> 04> 20> g0> z0> G0> 20> g0> z0> G'0> ausnjo]
20> 9l 20> G0> Z0> g0> z0> g0> 20> G0> suszueg
SOsN  odossul SOSn  odssuz sosn  ooesul | S9SN PEENTE] SOsn  odasuz
3214 G 8gyv L2yv 65V
VN oL> VN oL> VYN ol> VYN oL> VN o> sojuebiQ abuey suljosed
20> g'0> z0> g0> 20> g0> 20> S0> z0> G0> (1eyoy) sausjhx
20> G0> 20> G0> Z0> g0> 20> g0> 20> G'0> auszuaqihuig
20> G0> 20> g0> 20> G0> 20> g0> 20> G'0> suanjo]
z0> g0> 20> G0> z°0 g0> 20> g0> Z0> g0> suazusg
S9N o%ssug | S9SN odssuz | sosSN odssuz | S9SN oossug [ 98N 023suz juamisuo)
T4\ Zhyv 8syV Lyyv 6,48V

a1 aus Buydweg

[1oy) Jad sweibosow uy sanjeA]

sauojeloqge| Aanng |eo1Bojoss ‘g N pue 09asu3 ay) je pazAjeue sajdwes Ul suolejuasuod X314 jo uosuedwod ‘Z-a dlqel

D-8



VN ol VN (4} VN L VN L VN 0i> sojuebip sbuey auljose
A} 90 ! 890 90 50> z0> 50> €0 S0> (1eyoy) sausjhx
20> S0> z0 S'0> 20> G0> 20> G0> 20> g0> suszueqgjAuig
60 Vi 80 920 9'0 G0> 20> G0> 0 60> auanjol
Al S'0> 80 €L°0 9’0 S0 20> G'0> 20> G'0> auazusg
Sosn odssuy SOsn oossuz SOsSN 0%8suy] SOSN 0d8suz Sosn ooesul
a-ooLyv a-Londv (111314 L0LyvY SOV
VN ol> VN 0> VN 0l> VN oi> VN 0.¢ solebiQ abuey aujjose
0> G0> o> 90 €0 G0> A} G'0> 8'6 Ll (1eyoy) sausjhx
20> S'0> 20> S'0> 20> G'0> 20> 50> 9y 9l suazuaqgliyiz
co> g'0> ¢0> 8'0 S0 G0> €0 S'0> zo0> 60 susnjol
20> G'0> 20> G 0> €0 S 0> 20> G'0> $'0 60 suazuag
SOSN odssu3j SOsSN odssuz SOsn 0o3su3 sSosn 0dssuz Sosn oJssu3
rAV13-\ 4 00V 0LV €0V 6V
VN oi> VN 14 VN ooy VN 000v2 VN 000vC souebiQ abuey suyosen
0> g0> 0> 80 Le 9e 0002 006¢ 000¢ 0099 (lejo3) sausjAx
20> g 0> 20> g'0> rALY S c'0> 0002 oSy ooel suszusqlAyig
c0> 90 €0 90 8’9 6'¢ 000¢ oovs 0061 0ovs susnjo]
20> 0> £l 0Z £e £¢ 00S1 (1] X4 09S 0€£8 suszuag
SOSN 003suUg SOSN 0o%9sug SOsSN 008su3 sSosn 0o8su3 S9SN 009sug jusnipsuod
YoLyYv 801V LAV '12-14 v

aj aus buydwesg

[1}) Jod sweiBoow uj sanjeA]

panuguo) -- sauoleloqe] Asang [edifojoag ‘g’ pue odasug ayj je pazAjeue sejdwes uj SuoleuSduUod X314 Jo uosiedwo) ‘Z-q ejqel

D-9



ENSECO LAB (micrograms per liter)

ENSECO LAB (micrograms per liter)

1000 BEENZENE
100
10
1 .......
0.1
0.1 1 10 100 1000
ETHYLBENZENE
1000
]
100 A e
\0000
[ ] i
10 - '"ép\‘)
. e:’o‘
N
1
0.1
0.1 1 10 100 1000

USGS LAB (micrograms per liter)

10000 . TOLUENE

1000 C o e
100 ;- Lo

10

0.1
0.1 1 10 100 1000 10000

10000 XYLENES
1000
e !
100 \000
R\
| V&4 :
A
1 &= /o
]
0.1

0.1 1 10 100 1000 10000
USGS LAB (micrograms per liter)

Figure D-1. Comparison of BTEX concentrations in samples analyzed at the U.S.
Geological Survey and Enseco laboratories.



Table D-3. Miscellaneous water-quality characteristics of ground water as determined

by analyses performed in the field [SC, specific conductance]
Site Identification Temperature pH SC Alkalinity
(°C) {ug/L) (mg/L)

AR100 5.0 71 329 163
AR100-2 5.0 7.0 337 156
AR101 45 71 289 144
AR102 8.0 6.8 662 305
AR103 6.0 6.5 1022 577
AR104 4.5 6.7 689 363
AR105 45 7.0 2044 646
AR106 5.0 6.9 754 . NA
AR107 5.0 6.7 645 NA
AR107-2 5.0 6.7 713 NA
AR108 5.0 6.9 418 231
AR109 5.0 6.9 798 NA
AR110 5.5 6.9 560 NA
AR111 4.5 7.0 316 154
AR25 NA NA NA 380
AR26 4.5 7.1 1174 NA
AR27 6.0 6.9 674 NA
AR3 4.0 7.1 534 NA
AR35 5.5 6.8 764 NA
AR38 40 6.7 618 NA
AR4 4.0 6.7 462 NA
AR41 4.5 6.8 559 NA
AR42 5.5 6.7 417 954
AR42-2 6.0 6.6 416 NA
AR44 7.5 6.7 846 NA
AR47 9.5 6.4 508 229
AR49 45 6.7 616 NA
ARS51 5.0 6.8 606 NA
AR56 6.5 6.7 529 253
ARS56 6.5 6.7 529 NA
AR58 5.5 6.5 552 229
AR59 4.0 6.4 1486 645
AR69 35 7.0 793 NA
AR7 5.5 6.8 668 NA
AR75 3.5 6.9 764 NA
AR76 5.5 6.8 499 NA
AR79 4.0 6.9 747 365
ARS8 4.5 7.2 442 NA

AR81 5.0 6.8 640 NA




Table D-4. Concentrations of major anions in ground water and surface water

[All units in mg/L]

Ground water

Site identification  Fluoride Chloride Nitrate Phosphate Sulfate
Daily News Miner 0.1 1.7 <0.02 13.8 7.61
AR79 0.1 20.2 <0.02 0.05 37.2
AR108 0.1 3.9 <0.02 <0.05 5.99
AR100 duplicate 0.2 3.8 <0.02 <0.05 17.1
AR100 0.2 46 <0.02 <0.05 17.8
AR101 0.1 1.8 <0.02 <0.05 12.6
MUS 0.1 3.3 <0.02 <0.05 12.1
AR111 0.1 2.6 <0.02 <0.05 14.5
AR59 0.08 7.65 13.8 <0.05 191
AR103 0.09 3.84 11.8 <0.05 25
AR47 0.35 10.2 4.41 <0.05 12.7
AR105 0.21 259 428 <0.05 57.8
AR25 0.09 8.81 3.21 <0.05 49
ARS8 0.1 16.5 0.75 <0.05 454
ARS6 0.1 7.28 0.54 <0.05 32.6
AR42 0.1 2.76 0.43 <0.05 25.9
AR104 0.1 11 0.39 <0.05 28.8
AR102 duplicate 0.15 19.3 0.15 <0.05 36.8
AR102 0.15 194 0.14 <0.05 37.5
Surface water
Site identification  Fluoride  Chloride Nitrate Phosphate Sulfate
Noyes Slough at
Minnie St. 0.12 0.3 0.24 <0.05 16.9
Chena River 0.12 0.35 0.14 <0.05 16.1
Noyes Slough at
O'Connor St. 0.12 117 0.11 <0.05 17.5
Noyes Slough at
lllinois St. 0.12 0.8 0.11 <0.05 16.2
Tanana River 0.11 1.06 0.1 <0.05 36.5




Table D-5. Concentrations of major cations in ground water and surface water

[All units in mg/L]

Ground water

Well identification  Calcium Magnesium Sodium Potassium
Daily News Miner 44 9.17 24.5 13.1
AR79 132 10.9 9.49 5.76
AR108 66.6 144 6.36 444
AR100 duplicate 449 10.3 10 423
AR100 43.7 9.97 10 4.06
AR101 39.1 8.36 5.01 3.74
MUS 52.2 11.4 5.98 3.65
AR111 42.1 9.3 5.21 3.53
AR59 187 82.3 8.87 7.43
AR103 147 40.4 19.7 17.7
AR47 68.1 16.8 14.6 10.1
AR105 304 22.2 212 8.62
AR25 115 30 10.6 6.04
AR58 76.9 26.4 6.26 4.92
AR56 81.2 17.9 14.1 5.37
AR42 50.1 13.1 5.45 2.9
AR104 124 247 9.23 6.34
AR102 89 214 28.9 6.42
AR102 duplicate 91.9 215 29 6.61
Surface water
Well identification  Calcium Magnesium Sodium Potassium
Noyes Slough at
Minnie St. 234 5.16 1.92 1.31
Chena River 24 5.21 1.63 1.36
Noyes Slough at
O'Connor St. 28.6 6.29 265 1.61
Noyes Slough at
lllinois St. 28.8 5.67 1.92 1.43
Tanana River 30.4 7.02 2.99 2.26
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